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SUMMARY 

This experimental, program utilized raw skim milk, modified vegetable oil, and other 
additives together with optimized processing conditions to produce a substitute for 
dry whole milk which met specific storage» rehydration and acceptability requirements! 
Compositional variables involved amount and type of vegetable oil, emulsifier, lecithin, 
wetting agent, seed lactose, antioxidant, silicon dioxide, and flavorings» Processing 
variables were concentrating, homogenizing, spray drying,instantizing, and packaging» 
All experimental samples were evaluated by an expert panel for flavor, amount of foam 
and chalkiness after rehydration under controlled conditions. 

When processing conditions were tentatively established representative samples were 
sealed under vacuum in oxygen impermeable pouches for storage at 18, 28, and 38 Co 
A number of experimental products were stored in oxygen scavenger pouches» In addi- 
tion to monthly observations by an expert panel, stored products were evaluated at 
0, 3, 6, and 9 months by a panel of male college students- The following test data 
were also recorded for initi.n and stored products: moisture, fat extractable with 
petroleum ether, rehydration rate, undissolved solids, homogenizaticn efficiency, and 
evidence of caking, browning and oxidation» Initial values were also recorded for 
total fat, protein, ash, iodine value of fat and PERo 

There was no evidence of browning, oxidative deterioration or change in moisture content 
in any of the experimental samples during 9 months of storage at 18, £8 and 38 C» 
Likewise all stored products reconstituted in lets than 5 minutes with no evidence 
of chalkiness. All products exhibited excessive fjarn. Items stored for 9 months at 
28 C and 6 months at 38 C showed moderately hard caking which did not interfere with 
reconstitution. 

As evaluated by uhe  expert panel, most samples stored at 18 and 28 C remained 
acceptable throughout 9 months storage. At 38^ C, however, deterioration was evident 
after 6 monthso Using fresh 2% market milk as a standard the student panel rated all 
reconstituted products as inferior» After 6 months, products stored at 38 C were 
definitely inferior to those held at 18 and 28' C» No significant advantage was noted 
for products stored in oxygen scavenger pouches. 

Based on products consistantly showing the best rating after storage, recommendations 
are made regarding procedures for concentrating, incorporating vegetable oil with 
emulsifier and antioxidant, vacuum treating, homogenizing, spray drying, adding 
seed lactose and silicon dioxide prior to instantizing with water containing a 
wetting agent and lecithin, ana redryir ^ to 3% moisture. Amounts of all additives 
are stated for the final rroauct ojntaiiäng 3% moisture. 
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FOREWORD 

Beverage milk has consistently been rated among the most popular foods supplied to the 
Arme Forces. Unfortunately, attempts to develop dry whole milk suitable for use in 
operational rations, for example, Meul, Combat, Individual, have not been successful, 
notwithstanding a vigorous research and development program throughout the 1950's. 
As projected for use in such a ration, the dry product must be acceptable after re- 
hydration by simply stirring with ambient temperature water in & canteen cup. Ex- 
perience with dry whole milk revealed poor acceptability due, in part, to a chalky 
flavor on rehydration.  In addition, the dry product failed to withstand more than a 
few months storage at 38 C. This investigation was motivated by the possibility that 
replacement of milk fat with 6 modified vegetable oil, combined with advances in dry- 
ing technology, would resiilt in a product of adequate storage stability and which, on 
rehydration, would yield an acceptably substitute for beverage milk. 

This experimental program was performed at the Contech Laboratories of Pet Incorpo- 
rated, Greenville, Illinois 622U6 with funds from Project Number U662713AO3I+, title: 
Food Technology, Technical Area AH99B, Subsistence Technology, Technical Effort AH99BB, 
Food Processing and Preservation Techniques. Mr. Donald C. Zimpfer of Pet Incorporated 
served as Principal Investigator under the general guidance of Dr. John J. Betscher, 
Manager, Contract Research for Pet Incorporated. Drs. Maxwell C. Brockmann and 
Herbert A. Rollender served as Project Officer and Alternate Project Officer, respec- 
tively, for the US Army Natick Development Center. 

Jb 

I in ,1   .HI   ■!-. 
^^u^-diMa W>MHI 



TABIfl OF CONTENTS 

PfißS. 
Summary 

Foreword 2 

Introduction 4 

Processing 6 

Packaging and Storage 18 

Flavor Evaluations 27 

Recommended Processing Procedure and Formulation 34 

Conclusion and Recommendations 35 

List of Tables: 

Table 1 - Sample Code Identification 19 

Tablo 2 - Moisture Content Initially at the 
End of Nine Months» Controlled Storage 20 

Table 3 - Free Fat Initially and at the End of 
Nine Months* Controlled Storage      21 

Table 4 - Initial Product Composition 22 

Table 5 - Caking During Nine Months* Controlled 
Storage 23 

Table 6 - Powder Reconstitution Time and Foam 
Measurement During Nine Months* 
Controlled Storage 25 

Table 7 - Hedonic Flavor Study During Nine 
Months» Controlled Storage 26 

Table Ö - Average Hedonic Scores for Expert 
Taste Panel During NJJie Months* 
Cont, ->lled Storage 28 

Table 9 - Initial General Taste Panel 29 

Table 10 - 3-Month General Taste Panel 30 

Table 11 - 6-Month General Taste Panel 31 

Table 12 - 9-Month General Taste Panel 32 

■ ■ "   -   ■ ■  -- 



, ,  mmmmmmmmmmmmmmmmmmm i        ■ —miuiiii,.jii. MI ii  i in 

INTRODUCTION 

THE OBJECTIVE or THIS INVESTIGATION WAS TO DEVELOP A DRY MILK PRODUCT WHICH, 
AFTER CONTROLLED 5TORAQE, WOULD READILY HYDRATE TO YIELD A OCVCRAQC HAVING 
NUTRITIONAL CHARACTERISTICS OP FRESH MILK AND AN ACCEPTABILITY ADEQUATE TO 
QUALITY AS A SUBSTITUTE FOR FRESH WHOLE MILK IN RATION USE. 

ALL COMPONENTS OF THE DEVELOPED PRODUCT SHOULD CONFORM TO FDA REQUIREMENTS 
FOR HUMAN CONSUMPTION WITH THE PROTEIN COMPONENT ORIGINATING OR BCINQ DERIVED 
FROM MILK. THE DRY PROOUCT SHOULD HYORATE FULLY IN LESS THAN FIVE MINUTES 
WHEN DISPERSED IN WATER AT L6-20°C BY MANUAL AGITATION WITH A SPOON OF 
APPROPRIATE SIZE.  THE PRODUCT SHOULO BE FULLY HYDRATED, FREE OF CHALKINES5, 
AND SHOULO UNDERGO NO CHANGE WHEN EXAMINED 30-35 MINUTES AFTER CONTACT WITH 
WATER. THESE ASSESSMENTS WE WE TO BE MADE BY THREE QUALIFIED JUDGES OF MILK 
PRODUCTS. 

HYDRATED PRODUCT SHOULD HAVE A PROTEIN EFFICIENCY RATIO (PER) EQUAL TO FRESH 

MILK, A MINIMUM FAT CONTENT OF 2.0$ AS RECONSTITUTED, AND A CALORIC LEVEL 
CORRESPONDING TO FLUID MILK AT THE SAME FAT CONTENT.  REPRESENTATIVE SAMPLES 
SHOULD BE PACKAGED IN SEALED POUCHES IMPERMEABLE TO OXYGEN AND MOISTURE ANO 
BE EVACUATED TO A DIFFERENTIAL PRESSURE OF APPROXIMATELY ONE ATMOSPHERE. 
PRODUCT THUSLY PACKAGED SHOULD BE STORED CONCURRENTLY AT 18, 28, AND 38°C. 

PRODUCT SHOULD BE EVALUATED PRIOR TO THE STORAGE AND AFTER 3, 6, AND 9 MONTHS* 
STORAGE AT 18, 28, A.JD 38°C. PRODUCT STORED FOR SIX MONTHS AT 36°C AND FOR 
NINE MONTHS AT L8 ANC 2ö°C SHOULD RECEIVE HE00NIC SCALE RATINGS OF FIVE 0"! 
ABOVE WHEN SUBMITTFD TO THREE QUALIFIED JUDGES OF MILK WITHIN FIVE TO TEN 
MINUTES AFTER CONTACT WITH WATER. ADDITIONALLY, AFTER DISPERSION AND HYDRATION 
PRODUCT SHOULD BE RATED FOR OVERALL ACCEPTABILITY WITHIN 30 MINUTES AFTER CON- 
TACT WITH WATER. SAMPLES SHOULD BE RATED AT L6-20°C ON A NINE-POINT SCALE BY 
A PANEL OF YOUNG ADULT MALES WHO NORMALLY CONSUME FRESH WHOLE MILK. FRESH 
WHOLE MILK OF A COMPARABLE FAT CONTENT SHOULD ALSO BE INCLUDED IN THIS PANEL 
R
0R COMPARATIVE PURPOSES. 

THE FOLLOWING ANALYTICAL DATA SHOULD BE PROVIDED FOR HYORATED TEST PRODUCT 
AFTER REFERENCE STORAGE PERIODS AND FOR REFERENCE SAMPLES OF FRESH MILK. 

WATER - PERCENT BY WEIGHT 
FAT - PERCENT 8Y WEIGHT 
INSOLUBLE NONFAT SOLIDS - PERCENT BY WEIGHT 

THE FOLLOWING DETERMINATIONS SHALL BE PERFORMED ON THE DRY EXPERIMENTAL PRODUCT 
AT THE REFERENCE STORAGE PERIODS. 

MOISTURE 
FAT (INITIAL PRODUCT ONLY) 
PROTE;N (INITIAL PRODUCT ONLY) 
ASH (INITIAL PRODUCT ONLY) 
FAT EXTRACTED WITH PETROLEUM ETHER 
IODINE VALUE OF FAT (INITIAL PRODUCT ONLY) 
EVIDENCE OF OXIDATIVE CHANGE 
EVIDENCE OF BROWNING 
CALCULATED CALORIC VALUE (INITIAL PRODUCT ONLY) 
PER (INITIAL PRODUCT ONLY) 
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PROGRESS RCPORTS WERE SUBMITTED AT THE END or EACH TOUR-MONTH PERIOD. A FINAL 
REPORT WILL BE SUBMITTED 3° DAYS AFTER APPROVAL OF THE INITIAL DRAFT BY THE 

GOVERNMENT.  PRIOR TO THE SUBMISSION OF THE FINAL REPORT, 0«5 KG OF DRY PROL-^I 
REPRESENTING THAT WHICH PERFORMED MOST SATISFACTORILY IN THE STORAGE PROGRAM 
WAS TO BE SUBMITTED TO THE PROJECT OFFICER. 

A DISCUSSION OF PROCESSING, PACKAGING AND STORAGE, FLAVOR EVALUATIONS, RECOM- 

MENDED FORMULATION ANO PROCESSING PROCEDURE, AND CONCLUSIONS AND RECOMMENDATIONS 
IS INCLUOED IN THIS REPORT. 

*— ■   ■   -•    ■■"— ~~ ~~- ••  Mi—  i  rt          ■ ■ 
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PROCESSING 

THE PROCESSING STUDY WAS COMPOSED or six SERIES OF PILOT PLANT TRIALS.    SEMES 

1 THROUGH 3 WERE DESIGNED TO DEVE.OP THE FOfcrlULA, SCREEN OIL SOURCES, ANTI- 

OX IDANTS. AND EMULSlFIERS, AND FINALIZE THE PROCESSINC CONDITIONS.  SCRIES 4 

THROUGH 0 WERE DESIGNED TO USE THE DEVELOPED FORMULATION ANO PROCESS IN CON- 

JUNCTION WITH CONTROLLED STORAGE TO (1} DIFFERENTI ATE BETWEEN FAT SOURCES, 

(2) DEMONSTRATE TK EFFECT OF EMULSIFICAT ION, (3) OETERMINE THE NEED FOR 

ANTIOX IDANTS, (h"1    EVALUATE STEAM AND WATER INSTANTIZING, ANO (5) EVALUATE 

VARIOUS WETTING AGENTS. 

THE PURPOSE OF SERIES 1 WAS TO DEVELOP THE BASIC PROCESSING PROCEDURE INCLUDING 

CONCENTRATION, HOMOGEN IZAT I ON, SPRAY DRYING, INSTANT IZING, AND SCREEN ALTERNATE 

VEGETABLE OIL SOURCES.  THE FORMULA USED FOR THESE TESTS CONTAINED A SOLIDS NOT 

FAT TO FAT RATIO Of   8/2.  THIS WAS DESIGNED TO YIELD A RE --ONSTI TUTEO PRODUCT AT 

lOjtf TOTAL SOLIDS ANO 2 .Off,   FAT.  THE VEGETABLE OILS SELECTED WERE CONSIDERED REP- 
RESENTATIVE OF COMMON OILS USED FOR THIS APPLICATION,  THESE OILS INCLUDED 

HYDROL 921 (A 92° MELTING POINT COCONUT OIL), KAOMEL' (A 100° MELTING POINT 

DOMESTIC OIL), AND PARAMOUNT X1 (A ll4° MELTING POINT HARD BUTTER). 

THROUGH EXPERIENCE WITH OTHER PRODUCTS OF THIS NATURE THE FOLLOWING PROCESSING 

PROCEDURE WAS EMPLOYED TO PRODUCE THE INITIAL INSTANTIZED POWDER.  RAW SKIM 

M.LK TESTING APPROXIMATELY 8.6# TOTAL SOLIDS^ WAS PREHEATED BY PLATE HEAT EX- 

CHANGER TO l80*F ANO HELD FOR 15 TO 20 SECONDS PRIOR TO ENTERING THE EVAPORATOR. 

THE HARRIS FALLING FILM EVAPORATOR WAS OPERATED AT 27" VACUUM AND 110*F TO 12Q#F 
TEMPERATURE.  THE RESULTANT CONDENSED SKIM MILK TESTED }6jl  TOTAL SOLIDS WITH 
0.3JC FAT3. 

THE CONDENSED SKIM WAS DIVIDED INTO THREE PARTS TO ACCOMMODATE THE VEGETABLE OIL 

VARIABLES.  EACH VEGETABLE OIL WAS ADOEO TO 1kO°F CONDENSED SKIM.  THIS MIXTURE 
WAS RAISED TO loO'F AND HELD FOR iC MINUTES PRIOR TO HOMOGEN IZATION.  FOUR 
HOMOGENIZATION CONDITIONS WERE CONDUCTED ON EACH VEGETABLE OIL AND THE RESULTS 
WERE MEASURED MICROSCOPICALLY^.  THESE VARIABLES WERE RUM ON A 2-STAGE CP HOMO- 
GENIZER OPERATING WITH FIRST AND SECOND STAGE PRESSURES OF 1500 + 500, 2000 * 

500, 2500 + 500, AND 3000 + 500. THESE WERE THEN PLATE COOLED TO 40°F PRIOR TO 
SPRAY DRYING. THE TEST RESULTS INDICATED THAT A FIRST ".TAGE PRESSURE OF 3000 

PSIG AND A SECOND JTAGE PS IG OF 500 GAVE THE BEST HOMOGENIZAT ION CONDITIONS. 

THIS LEVEL OF HOMOGENIZATION WAS EMPLOYED IN ALL FUTURE VARIABLES. 

THE IHREE SKIM CONOENSED VEGETABLE OIL MIXTURES WERE THEN SPRAY DRIED IN A 6 FT. 
X 1*0 FT. COCURRENT TOWER DRYER EMPLOYING A CYCLONE RECOVERY SYSTEM. THE FEED 
STOCK WAS PREHEATED TO 150°F PRIOR TO THE DRYER AND DELAVAN SC-355 NOZZLE 

1
GLIDDEN-DURKEE COMPANY, CHICAGO, ILLINOIS. 

^METHOD OF ANALYSIS OF MILK AND ITS PRODUCTS, MILK INDUSTRY FOUNDATION, 

WASHINGTON, D.C. 3RD EDITION, 1959» PAGE 287 
3|BID. PAGE 273 
^IBIO. PAGE kkk 
5DELAVAN MANUFACTURING COMPANY, WEST DES MOINES, IOWA 502&) 

1 ,■'---—• 
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OPERATING AT 2500 PSIG WAS USED TO ACCOMPLISH ATOMIZATION IN THE DRYER TOR ALL 

VARIABLES.  THE DRYER WAS OPERATED WITH AN AVERAGE INLET TEMPERATURE OF 355 *F 

AND AN EXHAUST AVERAGE OF I85*F•  THE RESULTANT POWDER WAS DRIED TO APPROXIMATELY 

2.0# I.R, MOISTURE CONTENT".  THE DRIED POWDER WAS COOLEO IN A COCURRENT AIR 

STREAM TO AN AVERAGE TEMPERATURE OF 100'F PRIOR TO IN3TANT1Z ING. 

THC INSTANTIZING PROCESS DEVELOPMENT WAS DIVIDED INTO WATER AND STEAM AGGLO- 

MERATION FOR EACH VARIADLE.  PKIOR TO AGGLOMERATION ALL ORY POWDERf. WERE 
PRtCONDITIONED BY BLENDING WJTH 1.0$ SEED LACTOSE7.   |N THE WATER METHOD THE 

PRECONDITIONED DRY POWDER WAS METERED INTO AN AIR STREAM WHICH CONVEYED THE 

MATERIAL BY CONDUIT TO THE HYDRATION CHAMBER WHERE IT WAS MIXED WITH APPROXI- 

MATELY 13.0# WATER CONTAINING O.^ CENTROLENE-S LECITHIN" AS A WETTING AND/OR 

HYDRATION AID.  THE WATER WAS ADDED TO THF CRY POWDER AT THE OUTuET OF THE 
POWDER CONVEYING CONDUIT AT THE TOP OF THE HYDRATION CHAMBER BY MEANS OF A 

HIGH PRESSURE NOZZLE ARRANGEMENT.  THE WET AGGLOMERATE CONTAINING THE LACTOSE 
SEED CRYSTALS THEN PASSED ONTO A HOLDING BELT WITH ONE MINUTE DURATION FOR 

LACTOSE CONVERblON FROM THE hfDROUS TO ANHYDROUS FORM.  THIS STEP IS NEEDED TO 

ACHIEVE AGGLOMERATGS  WITH DESIRABLE TEXTURE, DENSITY, ANTICAKING, DISPERSION, 
AND FLAVOR CHARACTERISTICS.  THE AGGLOMERATED MAT WAS THEN CHOPPED U° BY MEANS 

OF WIRE BREAK-UP WHEEL AND PASSED ONTO A TRAY DRYER FOR REDRYING.  THE DRYER 

WAS OPERATED AT 275°F/21K)°F FOR THE FIRST AND SECOND SECTIONS RESPECTIVELY AND 

DRIEO THE MATERIAL TO 3-5 T0 3'0£ MOISTURE CONTENT.  THE DRIED PRODUCTS WERE 
THEN TRAY COOLEO TO APPROXIMATELY ^0°F   PRIOR TO EVALUATION. 

THE STEAM METHOD FOR AGGLOMERATION PROCEDURE EMPLOYED THE SAME BASIC EQUIPMENT 
AS THAT USED FOR THE WATER INSTANTIZING METHOD; THE DIFFERENCE WAS IN THE METHOD 

OF INCORPORATING THE WATER AND LECITHIN INTO THE AGGLOMERATE OUT OF THE HYDRATION 

CHAMBER.  |N THE STEAM CONFIGURATION THE PRECONDITIONED POWDER WAS METERED INTO 

AN AIR CONVEYING CONDUIT ANO THE POWDER WAS DELIVERED TO THE HYDRATION CHAMBER 

BY MEANS OF A CYCLONE SEPARATOR. AT THIS POINT THE POWDER WAS MIXED WITH LOW 

PRESSURE SUPERHEATED STEAM AND WATER CONTAINING 2.0$ LECITHIN. THE WATER- 

LECITHIN MIXTURE WAS INJECTED INTO THE STEAM BY MEANS OF A HIGH PRESSURE PUMP 

AND NOZZLE ARRANGEMENT SIMILAR TO THAT USED IN THE WATER-ONLY HYDRATION METHOD. 

|N THIS PROCEOURE APPROXIMATELY 8.0$ MOISTURE WAS ADDED YIELDING A PRODUCT OUT 

OF THE HYDRATION CHAMBER CONTAINING 10.
CJ%  MOISTURE. 

AS IN THE WATER HYDRATION METHOD, THE HOLDING TIME ON THE BELT WAS APPROXIMATELY 

1.0 MINUTE FOR LACTOSE CONVERSION ANO PRODUCT WAS RTEDRIED AND COOLEO USING 
SIMILAR CONDITIONS. 

FROM THE RESULTS OF THE FIRST PROCESSING STUDY, IT WAS CONCLUDED THAT: 

1. THE BASIC PROCESS USED WOULD BE EMPLOYED FOR ALL FUTURE TESTS UNLESS 
OTHERWISE STATED. 

^METHODS OF ANALYSIS OF MILK AND ITS PRODUCTS, MILK INDUSTRY FOUNDATION 

WASHINGTON, O.C. 3RO EDITION, 1959. PAGE 296 

7EDIBLE LACTOSE, GRIND A (306). FOREMOST FOODS, SAN FRANCISCO, CALIF. 

^CENTRAL SOYA COMPANY, CHICAGO, ILLINOIS 60639 

^--■■^■i- *-■■■-- 



2. STEAM *ND WATER INSTANTIZING BOTH SEEMED FEASIBLE AT THIS TIME. THE 

WATER METHOD HAD SLIGHTLY SLOWER OISPER5ION WITH BETTER SURFACE 

APPEARANCE.  THE STEAM r,:rHOO HAD SLIGHTLY BETTER DISPERS.ON, BUT 

THE SURTACE AFTER 5 MINUTES HAD AN UNNATURAL FOAM, 

3. THE LCC ITHINATION LEVEL IN TMC FINISHED DRV PRODUCT AT ABOUT O.CVjjf 
SEEMED ADEQUATE WITH RESPECT TO DISPERSION AND FLAVOR CHARACTERISTICS. 

k.    THE HYDROL $2  PRODUCT HAD THE BEST DISPERSION - ABOUT 30 SECONDS, 
THE KAOMFL HAD 45 SECONDS AND THE PARAMOUNT X REQUIRED 60 SECONDS. 

BASED ON THE PRODUCT EVALUATION OF THIS GROUP OF TESTS, THE NEXT TESTS INCLUDED 
THE FOLLOWING CHANGES. 

1. PRODUCE DRY BASIC POWDER AT 3*5$ MOISTURE LEVELS TO IMPROVE SOLUBILITY. 

2. USE 2.0# SEED LACTOSE IN THE PREBLEND PRIOR TO INSTANTIZING TO ACHIEVE 

BETTER LACTOSE CONVERSION.  IN CONJUNCTION WITH THIS, ADD 0.125$ 
SILICON DIOXIDE^ TO THE BLENDER AS AN AID TO MIXING AND METERING IN 

THE INSTANTIZING PROCESS. 

3. ADJUST THE PERCENT FAT AND SOLIDS-NOT-FAT OF THE DRY POWDER TO A RATIO 

THAT MORE CLOSELY MATCHES THAT OF 2.0# FAT MILK IN THE USOA HANDBOOK #8. 

THIS IS EQUAL TO 2.0# FAT AND 11,0# SOLIDS-NOT-FAT, WHICH IN TURN YIELDS 

DRY POWDER CONTAINING ]'j.k$   FAT. 

SERIES 2 INCLUDED THE RECOMMENDATIONS LISTED ABOVE. IN CONJUNCTION WITH THESE, 
THE ADDITION OF AN EMULSIFIES IN THE MIX PREPARATION WAS TESTED; ALSO THE ADDITION 

OF VARIOUS WETTING AGENTS WAS STUDIED IN THE WATER AND STEAM AGGLOMERATION PRO- 

CESSES. HYOHOL 92 AND HYDROL 92 EMULSIFKD WITH ATMOS 150 , A MONO- AND DI- 
GLYCERIOE, WERE USED AS THE FAT SOURCES FOR THIS SERIES.  BASED ON THE 

SUPPLIER'S RECOMMENDATIONS, ÄTMOS 150 WAS USED AT ThE RATE OF 7''*$ 0N A FAT 

BASIS. 

|N THESE TRIALS THE CONDENSED SKIM MILK WAS PREPARED AS iN SERIES 1 AND 'iOlM 

PRODUCTS WERE STANDARDIZED TO YIELD DRY MILK POWDER CONTAINING 15«*$ FAT. 

THE  SKIM CONDENSED WAS HEATED DY PLATE HEATER  TO 180°F AND ADDED TO A  PASTEUR- 

IZING VAT.    THE HYDROL 92 WAS ADDED DIRECTLY TO THE HEATED CONDENSED SKIM MILK. 

THE HYDROL 92-ATMOS  150 M>X WAS  PREHEATED TO  15OT PRIOR TO ADDITION.    BOTH 

fats      WE"£ MIXED THOROUGHLY FOR 10 MINUTES AND HOMOGENIZED AT 2500 + 

500 PSIG AS THE HOMOGENIZER WOULD NOT FUNCTION AT THE DESIR^O 3000 + 5°0 MIO, 

HOMOGENIZATION EFFICIENCIES WERE RATED FAIR AND GOOD RESPECTIVELY, 

EACH product WAS DRIED AS BEFORE WITH REDUCED INLET TEMP:RA->URES RANGING FROM 

305*F TO 33OT. THE RESULTANT DRY POWD'.* HAD AN AVERAGE MOTTLRC CONTENT or 
3.0)( WITH DENSITIES RANGING FROM ,kO  TO .42 GRAMS/CC. 

%YLOID 2kk, W. R. GRACE,  INC., BALTIMORE, MARYLAND. 

J0|CI AMEPICA,  INC., WILMINGTON, DELAWARE. 

J 
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THE powders     WERE  INSTANTIZCO WITH WATER ANO STEAM AS TM?-  I.NSTANTIZING MEDIA 
WITH LECITHIN, OIOCTYL SODIUM SULFOSUCCINATE (OSS)11, ANO ZO^SI NAT IONS OT 
LECITHIN ANO OSS A3 THE SURFACE COATING WETTING AGENT IN EACH PROCESS.  |N THE 
WATER ONLY PROCEDURE THC CALCULATED LECITHIN ANO OSS LEVELS IN THE RECONSTITUTED 
MILK WERE 0.012J* AND 0.0026# RESPECTIVELY.  |N THE STEA* PROCEOURE THESE WERE 
0,007# LECITHIN AND 0.0024)6 OSS. 

SERIES 2 WAS CODED AS FOLLOWS: 

INSTAN- 
FAT EMUL- ANTI- T 1Z 1 NG 

CODE SOURCE 

HYOROL 92 

SIFIER 

ATMOS  150 

OXIDANT METHOD 

WATER 

WETTING AGENT 

2-4 OSS 

2-5 HYDROL 92 ATMOS  150 — WATER CSS, CENTRöLENE-S 

2-6 HYDROL 92 ATMOS 150 ~ WATER CENTROLENE-S 

2-7 HYOROL 92 — — STEAM OSS 

2-8 HYDROL 92 — — STEAM CENTF,OLENE-S 

2-9 HYDROL 92 « — 5T>. DS5, CENTROLENE-S 

2-10 HYDROL 92 ATMOS 150 MM STEAM DSS, CENTROLENE-S 

THE PERFORMANCE OF THE INSTANTIZED DRY PRODUCTS       FOR THESE TESTS WAS 
EVALUATFO ACCORDING TO THE FOLLOWING PROCEDURE.WHICH WAS DESIGNED TO YIELD 
FORTIFIED 2.0# FAT MILK AS STATEO IN THE USDA HANDBOOK #8 ANO WILL BE USEO 
THROUGHOUT THE ENTIRE STUDY AS A MEANS OF STANDARDIZING TEST OATA. 

1. ADO 32.0 GM OF POWDER TO 400 ML BEAKER. 

2. TO THIS ADD 210 ML OF 60°F WATER AND MIX WITH A SPOON UNTIL 
VISUALLY DISSOLVED AND RECORD RECONSTI TUT ION TIME IN SECONDS. 

3. RESTIR AT THE END OF 2.0 MINUTES - ABOUT 10 SWIRLS OF THE SPOON. 

k.   WAIT 2-3 MINUTES AND EVALUATE SURFACE ANO SCORE FLAVOR HEDONICALLY 
ACCORDING TO THE FOLLOWING 9-P0INT SCALE. 

1. OBJECTIONABLE 6. SLIGHTLY DESIRABLE 

2. UNDESIRABLE 7. DESIRABLE 

3- MODERATELY UNDESIRABLE O. VERY OESIRABLE 

4. SLIGHTLY UNDESIRABLE 9. EXCELLENT 

5> ND STRONG LIKE OR DISLIKE 

11
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RESULTS or THE SERIES 2 TESTS WERE AS FOLLOWS: 

Cooc 
RECON. TIME (SEC.) 
FOAM   X   1/32   iN.tihick 
FLAVOR 

WATER INSTANTIZEO 

2-4 

P 
6.0 

2-5 2-6 
30 
2 

on 

6.0 6.0 

CODE 

RECON. TIME (SEC.) 
FOAM X I/32 IN. Wiick 
FLAVOR 

STEAM INSTANTIZEO 

2 
6.5 

2-8 2-9 2-10 
*5 *> 20 
2 2 2 
6.0 6.5 6.5 

TO FAMILIARIZE THE EXPERT TASTE PANEL WITH THE TEST PRODUCT OF THIS STUDY, THE 
VARIABLES FROM THIS SERIES WERE RECONSTITUTED TO A FAT LEVEL OF 2.0$ AND COMPARED 
TO MARKET 2.0# MILK. THIS STUDY INDICATED THAT ALL SAMPLES WERE RELATIVELY CLOSE 
TO THE CONTROL WITH RESPECT TO FLAVOR. THOSE INSTANTIZEO WITH LECITHIN AND COM- 
BINATIONS OF LECITHIN AND OSS WERE PREFERRED, WITH THE OSS SAMPLE LACKING FLAVOR 
CHARACTER. THE PANEL TESTS INDICATED THAT ONLY SLIGHT REFINEMENTS WERE NEEDED 
TO MATCH THE FLAVOR OF THE FRESH PRODUCT ANO MOST AGREED THAT THIS WOULD PROBABLY 
BE IN THE AREA OF THE SURFACE COATING AGENTS. 

AFTER EVALUATING THE DATA FROM THIS SERIES, THE FOLLOWING CONCLUSIONS AND GUIDE- 

LINES WERE DERIVED. 

1. INCREASEDLACTOSE AT 2.0$ SEEMED TO HEL" LACTOSE CONVERSION AND WILL BE 
USED IN SUCCEEDING TESTS. 

2. SILICON DIOXIDE AT 0.125$ A|DS BLENPING AND PRODUCT DISTRIBUTION  IN THE 
INSTANTIZER.  THIS WILL BE EMPLOYED IN FUTURE RUNS. 

3«  LfCITHINATED PRODUCT SEEMS TO HAVE THE BEST RECONSTITUTEL SURFACE 
WHEN COMPARE TO THAT MADE WITH DSS. 

k.    THE DSS SAMPLES HAD A CLEAN FLAVOR WITH IMPROVED MOUTHFEEL.  IN THE 
NEXT TESTS AN INCREASED LEVEL WILL BE ATTEMPTED AS A MEANS OF IMPROVING 
DISPERSION ANO FLAVOR CHARACTERISTICS. 

5. LECITHIN LEVEL MAY BE TOO HIGH; IN THE NEXT TESTS LECITHINS WITH LOWER 
FLAVOR IDENTITIES WILL BE STUDIED. 

6. COMBINATIONS OF OSS AND LECITHIN SEEM TO SHOW THE MOST POTENTIAL AS 
A MEANS OF ACHIEVING DESIRED SOLUBILITY WITH MINIMUM FLAVOR DEFECTS. 

7. WATER APPEARS TO BE THE BEST METHOD OF INSTANTIZING AS THE SURFACE OF 
THE RECONSTITUTED PRODUCTS DEMONSTRATE LESS FOAMING TENDENCY. BOTH 
SYSTEMS WILL BE EVALUATED FURTHER. 

10 
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Ö. PRODUCT WITH THE EMULSIFIED FAT SYSTEM APPEARED TO HAVE IMPROVED HOMO» 
GENIZATION AND SLIGHTLY BETTER DISPERSION. THERE WAS ALSO A BENEFIT TO 
FLAVOR CHARACTERISTICS AND MOUTHFEEL. THIS EMULSIFIER LEVEL (J.^% ON 
A FAT BASIS) WILL BE USED FOR ALL FURTHER TESTS. 

9. EFFORT SHOULD BE PLACED ON A MEANS OF ELIMINATING THE FOAM THAT APPEARS 
ON THE SURFACE OF THE RECONSTITUTED PRODUCT. 

SERIES 3 w«s DESIGNED TO EVALUATE DIFFERENT LECITHIN SOURCES AND DSS LEVELS IN 
THC INSTANTIZER, TEST ANTIOXIOANTS IN THE VEGETABLE OIL SYSTEM, SCREEN VARIOUS 
FLAVOR ENHANCERS, ANO REDUCE FOAMING I.' THE FINISHED PRODUCT. 

ALTERNATE LOW FLAVOR LECITHINS WERE OBTAINED AND TESTS ON THE BENCH DETERMINED 
THEIR USE LEVELS. THESE TESTS INDICATED THAT CENTROLENE-S, THE LECITHIN CUR- 
RENTLY BEING USED, COULD BE TASTED AT 0.02$ OF THE FINISHED MILK PRODUCT AND 
THE NEW LECITHIN SOURCES, CENTROM IX-C'2 ANQ CENTROPHIL 64-CX

12, COULD BE TASTED 

AT LEVELS OF 0.05$ AND 0.10$ RESPECTIVELY.  DSS WAS ALSO TESTED IN MILK AT THIS 

TIME ON THE BENCH AND IT WAS DETERMINED THAT LEVELS OF 0.005$ IMPARTED A BITTER 

NOTE.  |N THESE TESTS IT WAS PLANNED TO ADD THE LECITHIN SOURCES AND OSS AT 
LEVELS SLIGHTLY BELOW THRESHOLD. 

TWO ANTIOXIOANTS, TENOX A'3 AND TENOX k'3,  WERE INCORPORATED INTO THE OIL OF 
TWO VARIABLES AT THE SUPPLIER'S RECOMMENDED LEVEL OF 0.05$ OF THE TOTAL OIL 
PRESENT. 

IT WAS THE OBJECT OF ADDITIONAL BENCH STUDIES TO INVESTIGATE THE ADDITION OF 

VARIOUS FLAVOR ADJUNCTS AS A MEANS OF UPGRADING THE SHELF LIFE ANO THE FLAVOR 

OF THE FINISHED MILK DRINK.  IN THIS STUDY SALT, SUGAR, ANO VANILLIN LEVELS 

WERE SCREENED ANO IT WAS DETERMINED THAT SALT AT 0.01$ IN COMBINATION WITH 

SUGAR AT 0.2$ AND VANILLIN AT 0.00025$ OF THE LIQUID MILK GAVE THE APPEARANCE 

OF A RICHER END PRODUCT.  |N CONJUNCTION WITH THESE STUDIES, ALTERNATE MILK 

FLAVOR SYSTEMS FROM VARIOUS SUPPLIERS WERE SCREENED.  THESE DATA INDICATED 

THAT THE MOST ACCEPTABLE FLAVOR WAS IMITATION MILK FLAVOR'^ AT 0.0075$ 0r THE 

LIQUID PRODUCT.  THESE LEVELS FOR SALT, SUGAR, VANILLIN, AND ARTIFICIAL FLAVOR 

WERE INCORPORATED INTO THIS SERIES FOR FURTHER TESTING. 

IN AN EFFORT TO REDUCE OR MINIMIZE THE FOAM OF THE RECONSTITUTED MILK, IT WAS 

DECIDED TO STUDY THE EFFECT OF DRYER TEMPERATURE, SPRAY PRESSURE, ANO PREHEAT 

TEMPERATURE ON THE BULK DENSITY OF THE BASIC POWDER.  THE HYPOTHESIS PROPOSED 
WAS THAT A MORE DENSE BASIC POWDER SHOULD UPON INSTANTIZING YIELD A PRODUCT 
WITH LESS OCCLUDED AIR AND MORE CAPILLARY ACTION. 

THE SKI'I MILK WAS CONDENSED AND STANDARDIZED AS IN SERIES 2. Two OIL SYSTEM 
VARIABLES WERE KEYEU OFF OF HYDROL 92 AND ATMOS 150; ONE CONTAINED TENOX A, THE 

OTHER TENOX k.    BOTH WERE  PREHEATED TO  15OV PRIOR TO MIXING WITH THE CONDENSED 
SKIM.  IN BOTH CASES THE HOMOGENIZER WAS OPERATED AT 3OOO + 500 AND YIELDED 
"VERY GOOD" HOMOGENIZATION EFFICIENCIES PRIOR TO COOLING ANO SPRAY DRYING. 

12 
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AS A MEANS OF INCREASING BASIC POWOER BULK DENSITY THE DRYER WAS OPERATED AS 
IN SERIES 2 WJTH A i50°F EXHAUST TEMPERATURE] THE AVERAGE IKLET TEMPERATURE 
RANGED TROM 300* TO 275*F WITH RESPECTIVE PRODUCT TEED PRESSURES OF 2500 AND 
1100 psia. 

AT EACH FCCO PRESSURE THE PRODUCT PREHEAT TEMPERATURE WAS VARIED FROM 70*F TO 
150V.    THE POWDERS PRODUCED UNDER THESE CONDITIONS HAD AN AVERAGE MOISTURE 
CONTENT Or k.Qfjt  AFTER COOLING.  BASED ON THESE TESTS IT WAS DETERMINED THAT 
REDUCED FEED PRESSURE AND TEMPERATURE YIELO A 10.0# INCREASE IN BASIC POWDER 
DENSITY. 

THE INSTANTIZING OF THESE POWDERS FOLLOWED THE WATER PROCEDURE OF SERIES 2 WITH 
2.0)» LACTOSE AND 0.125^ SILICON DIOXIDE ADDED. THE VARIOU» WETTING AGENTS WERE 
ADDED AT THE LEVELS PREVIOUSLY DISCUSSED. IN THE LECITHIN VARIABLES OSS WAS 
COMBINED WITH LECITHINS TO ALO IN INSTANTIZING WATER DISPERSION. THE FLAVOR 
SYSTEMS WERE ADDED TO THE BLCNüER PRIOR TO INSTANTIZING. 

THE FOLLOWING CODES WERE ASSIGNET» TO THFSE PRODUCTS. 

INSTAN- 
FAT EMUL- ANTI- TIZING 

COOE SOURCE 

HYDROL 92 

SIFIED 

ATMOS 150 

OXIDANT 

TENOX 4 

METHOD 

WATER 

WETT iNG AGENT FLAVOR 

3-11 OSS, CENTROMIX-C 

3-12 HYDROL 92 ATMOS 150 TENOX 4 WATER OSS, CENTROPHIL 64-CX 

3-13 HYDROL ¥ ATMOS 150 TENOX 4 WATER DSS 

3-14 HYOROL 92 ATMOS 150 TENOX A WATER OSS 

3-15 HYDROL 92 ATMOS 150 TENOX A WATER OSS, CENTROPHIL 64-CX 

3-16 HYDROL 92 ATMOS 150 TENOX A WATER DSS, CENTROMIX-C SUGAR, SALT, 

VANILLIN 

3-17  HYDROL ^ ATMOS 150  TENOX A  WATER  DSS, CENTROMIX-C SUGAR, SALT, 
MILK FLAVOR 

THESE VARIABLES WERE EVALUATED ACCORDING TO THE PROCEDURE ESTABLISHED IN SERIES 2 
AND THE RESULTS WERE AS FOLLOWS: 

CODE 3-1' 
RECON. TIME (SEC.) 20 
FOAM X 1/32 IN. thick * 
FLAVOR 5*° 

3-12  3-13 3-i4 3-15 3-16 3-17 
15   15 30 15 15 15 
12 4 4 4 4 
5-5  5«o 6.0 5.0 5.5 6.0 

THE FOLLOWING CONCLUSIONS AND OBJECTIVES FOR FUTURE TESTS WERE DERIVED FROM THIS 
SERIES, 

1. THE VARIATION IN BASIC SPRAY DRYING CONDITIONS HAS NOT REOUCED THE AMOUNT 
OF SURFACE FOAM AFTER RECONSTI TUT I ON. |N THE NEXT TESTS VACUUM TREATMENT 
OF THE LIQUID MIX PRIOR TO HOMOGENIZATI3N AND SPRAY DRYING WILL BE EMPLOYEO 

AS A MEANS OF MINIMIZING THE FOAM. 

12 
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2. THE INCREASED DSS LEVEL, .OOtyC or THE FINISHED MILK DRINK, IS TOO HIGH. 
WHEN TASTED, A SLIGHTLY BITTER FLAVOR WAS OETECTED. FUTURE RUNS WILL 
INCLUDE 0.00$. 

3»  CENTROPHIL 64-CX LECITHIN EXHIBITED BETTCR DISPERSION AND FLAVCR CHAR- 
ACTERISTICS WHEN COMPARED TO THE CCNTROMIX-C LECITHIN.  FUTUR'. TESTS WILL 
INCLUDE A COMPARISON OF CENTROPHIL 64-CX AND CENTROLENE-S. 

k.    FLAVOR STUDIES DID NOT INDICATE ANY DIFFERENCE BETWEEN THE TWO ANTI- 
OXIOANTS STUDIED.  BOTH WILL BE EVALUATED FURTHER TO DETERMINE THE 
MATERIAL OF PREFERENCE. 

5. THE TWO products CONTAINING FLAVOR ADDITIVES WERE TASTED BY A LIMITED 
TASTE PANEL. THESE RESULTS INDICATED THAT THE PRODUCTS WERE COMPARABLE 
TO THE BENCH SAMPLES. THEY WERE BOTH CONSIDERED A SLIGHT IMPROVEMENT 
WHEN COMPARED TO THE CONTROL WITH RICHER FLAVOR CHARACTERISTICS. 
VARIATION OF THIS FLAVOR SYSTEM WILL BE INCORPORATED INTO FUTURE 
VARIABLES AND PLACED ON STORAGE. BASEO ON WORK WITH NONFAT DRY MILK, 
FLAVOR AOJUNCTS CAN PROLONG THE SHELF LIFE OF DRY MILK PRODUCTS. 

SERIES k WAS DESIGNED TO EVALUATE VACUUM TREATMENT OF THE CONDENSED SKIM PRIOR 
TO HOMOGENIZATION AS A MEANS OF MINIMIZING THE SURFACE FOAM OF THE RECONSTITUTED 
PRODUCTS. |N CONJUNCTION WITH THIS THE HYDROL <■£,  KAOMEL, AND PARAMOUNT X WERE 
RE-EVALUATED WITH RESPECT TO THE CHANGES IN THE WATER INSTANTIZED PROCEDURE. 
REPRESENTATIVE SAMPLES OF EACH VARIABLE WERE PACKAGED ACCORDING TO THE GUIDE- 
LINES SET FORTH IN THE ORIGINAL PROPOSAL AND PLACED ON CONTROLLED STORAGE AT 
L8*, 28*, AND 38^C TO STUDY PRODUCT STABILITY. 

THE SKIM MILK WAS CONDENSED AS BEFORE ANO THE FAT WAS ADDED AT A LEVEL TO YIELD 
2.O5S FAT WHEN RECONSTITUTED. FOR EACH FAT VARIABLE THE CONDENSED SKIM ANO 
VEGETABLE OIL WERE BOTH PREHEATED TO 1^0*F PRIOR TO MIXING. THESE MIXTURES WERE 
THCN HEATED TO 165-177 °F* AND FLASHED INTO A VACUUM CHAMBER OPERATING AT 12" TO 
L4" VACUUM AND 1^5" TO 150*F. AFTER THE VACUUM TREATMENT, ALL MIXES WERE M-VO- 
GENIZED AT 3000 + J^OO PSIG AND COOLED PRIOR TO SPRAY DRYING. THE HOMOGENIZATION 
EFFICIENCIES WERE GOOO FOR HYDROL J2. ,  FAIR FOR KAOMEL, AND POOR FOR PARAMOUNT X. 
THIS VARIATION WAS PROBABLY CAUSED BY INADEQUATE PRODUCT SUPPLY FROM THE VACUUM 
CHAMBER TO THE HOMOGENIZER AND WATER DILUTION. 

THESE MIXES WERE SPRAY DRIED WITHOUT PREHEAT AT 2500 PSIG USING A SC-35 NOZZLE. 
THE DRYER WAS OPERATED WITH 15OT EXHAUST TEMPERATURE AND THE INLET VARIED 320* 
TO 3^*0*F* THE RESULTANT DRY BASIC POWDERS HAD AN AVERAGE MOISTURE CONTENT OF 
k.2% AND EXHIBITED A 20£ INCREASE IN BULK DENSITY OVER PREVIOUSLY DRIED PRODUCTS. 

WATER INSTANTIZING WITH VARIOUS WETTING AGENTS AT REOUCEO LEVELS WAS USED IN 
THESE TESTS. THE OSS WAS AT A LEVEL EQUAL TO 0.00^ OF THE RECONSTITUTED 
FINISHED PRODUCT. THE CENTROLENE S AND CENTROPHIL 64-CX WERE ADDED TO YIELD 
A FINISHED MILK DRINK CONTAINING 0.00$ AND 0.02.% RESPECTIVELY. THE MOISTURE 
CONTENT OF THE INSTANTIZED PRODUCT RANGED FROM 3*2 TO 3.8JF AND THE AVERAGE BULK 
DENSITY WAS .23 GM/CC. 
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THE FOLLOWING cooes WERE ASSIGNED TO SERIES 4. 

INSTAN- 
FAT EMUL- ANTI- TIZINQ 

CODE SOURCE 

HYDROL 92 

SITIER OX IOANT METHOD 

WATER 

WETTING AOCNT 

4-18 «IB CENTROLENE-S 

4-19 KAOMEL tmm ■a * WATCR CENIROLENE-S 

4-20 PARAMOUNT X MM -- WATER CENTROLENE-S 

4-21 PARAMOUNT X — « WATER OSS, CENTROPKIL 64-CX 

4-22 KAOMEL — -■ Mac WATER OSS, CENTROPHIL 64-cx 

4-23 HYDROL 92 — ~ WATER OSS, CENTROPHIL 64-cx 

4-24 HYDROL 92 — — W TER DSS 

THESE PRODUCTS WERE EVALUATED FOLLOWING THE PROCEDURE DESCRIBED PREVIOUSLY. 

CODE              4-l8  4-19  ^"20 4-21 4-22 4-23  ^-2** 
RECON. TIME (SEC.)    60   60   30 30 60 90   4$ 
FOAM X 1/32 IN.thick  2    2    2 2 2 2    2 
FLAVOR             6.0   6.^   6.0 5.5* 6.0* 6.0»  6.0 

•SLIGHT LECITHIN FLAVOR DETECTED. 

FROM THESE DATA IT WAS CONCLUDED THAT; 

V 

1. THE VACUUM TREATMENT SEEMED TO HELP THE FOAMING CHARACTERISTIC OF THE 
RECONSTITUTED PRODUCT. THE FOAM WAS NOT ELIMINATED BUT WAS CUT 
APPROXIMATELY IN HALF. ALL FUTURE VARIABLES WILL INCLUDE THIS STEP 
IN PROCESSING. 

2. AFTER INSTANTIZ ING, THE CENTROPHIL 64-CX GROUP EXHJBIT«-- „OMPARABLE 
WETTING CHARACTERISTICS WHEN COMPARED TO THE CENTROLENE-S GROUP WITH 

THE CENTROLENE-S GROUP HAVING SUPERIOR FLAVOR CHARACTERISTICS. FOR 

THESE REASONS IT WAS DECIDED TO USE THE CENTROLENE-S LECITHIN IN ALL 

FUTURE LECITHINIZATION VARIABLES AT 0.00^ OF THE RECONSTITUTED PRODUCT. 

3. OSS AT 0.003$ OF THE RECONSTITUTED PRODUCT DEMONSTRATED FAIR DISPERSION 

CHARACTERISTICS WITH THE ABSENCE OF A BITTER AFTERTASTE. THIS LEVEL 

WILL BE USED IN THE REMAINING VARIABLES OF THIS STUDY. 

4. THE VARIOUS OILS 010 NOT EXHIBIT ANY DEFINITE TRENDS WITH RESPECT TO 
DISPERSION AND FLAVOR. |N ALL CASES THESE CHARACTERISTICS WERE CON- 

SIDERED ACCEPTABLE. THEREFORE, ALL SOURCES WILL BE INCLUDED IN THE 

CONTROLLED SHELF LIFE STUDY. 

14 
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SCRIES 5 WAS DESIGNED TO EVALUATE AN OIL SYSTEM OF HYDSOL 9? AND ATMOS 150 WITH 
AND WITHOUT ANT IOXIOANTS . äTMOS 150 AODEO AT ~J ,LK% OF THE OIL WAS USED IN ALL 

SUBSEQUENT VARIABLES AS PRECEDING STUDIES INDICATED IMPROVED HOMOGENIZATION AND 

DRY INSTANT POWDER RECONSTI TUT ION WITH THE ADDITION OF THIS SURFACTANT. THE OTHER 

TWO CONTAINED TENOX A AND TENOX K  AT 0.05# OF THE FAT. EACH OF THE BASIC POWDER 

VARIABLES WAS INSTANTLZEO WITH WATER CONTAINING DSS ONLY AND A COMBINATION OF 

DSS AND LECITHIN.  IN BOTH SERIES THE DSS WAS ADDED AT A RATE TO YIELD A RECON- 

STITUTED PRODUCT CONTAINING 0.003# OS'S.  THE LECITHIN WAS XDDED TO ACHIEVC 0.00$ 
OF THE RECONSTITUTED PRODUCT. 

THE SKIM MILK WAS CONDENSED AS BEFORE AND THE OIL VARIABLES WERE STANDARDIZED 

TO YIELD 2.0# OIL IN THE RECONSTITUTED PRODUCT.  THE VARIABLES WERE PROCESSED 

AND VACUUM TREATED ACCORDING TO THE PROCEDURE OUTLINED IN SERIES k  WITH ALL OIL 
COMPONENTS BEING PREHEATED TO 150°F PRIOH TO ADDITION.  A CONSTANT FEED RATE WAS 
PROVIDED TO THE HOMOGENIZER BY BF.EAKING THE VACUUM IN THE VACUUM CHAMBER AFTER 

ALL PRODUCT HAD PASSED INTO THE CHAMBER AND WATER DILUTION WAS RESOLVED BY NOT 
SWITCHING TO WATER BETWEEN VARIABLES.  TO SEGREGATE THE LOTS EXCESS PRODUCT WAS 

RUN WITH MIXTURES BEING DISCARDED.  THIS PROCEDURE YIELDED EXCELLENT HOMOGEN I - 
ZATION FOR ALL VARIABLES.  THESE WERE THEN COOLEO TO 40°F AND SPRAY DRIED ACCORDING 

TO THE CONDITIONS IN THE PRECEDING TESTS.  THE DRYER INLET TEMPERATURE RANGED FROM 

330 TO 355 °F WITH AN AVERAGE EXHAUST TEMPERATURE OF 145'F.  THE BASIC POWDER HAO 

AN AVERAGE MOISTURE CONTENT OF 4.5/8 WITH A DENSITY OF 0.6l GM/CC 

THE VARIABLES WERE WATER INSTANTIZED ACCORDING TO THE METHOD DESCRIBED IN SERIES 1 
USING THE WETTING AGENTS AND LEVELS DISCUSSED ABOVE. THE INSTANTIZED POWDERS WERE 

DRIED TO MOISTUPE CONTENTS RANGING FROM 3.4 TO 3.8^ WITH AN AVERAGE BULK DENSITY 

OF 0.25 GM/CC. 

THE FOLLOWING CODES WERE ASSIGNED TO SERIES 5< 

CODE 

5-25 

5-26 

5-27 

5-28 

5-29 

5-30 

FAT 

SOURCE 

HYDROL 92 

HYDROL 92 

HYDROL 92 

HYDROL 92 

HYDROL 92 

HYDROL 92 

EMUL- 

SIFIER 

ATMOS 150 

ATMOS 150 

ATMOS 150 

ATMOS 150 

ATMOS 150 

ATMOS 150 

ANTI- 

OXIDANT 

TENOX A 

TENOX 4 

TENOX 4 

cNOX A 

INSTAN- 

T I ZING 

METHOD 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

WETTING AGENT 

DSS 

DSS 

DSS 

DSS, CENTROLENE-S 

DSS, CENTROLENE-S 

DS3, CENTROLENE-S 

ALL VARIABLES WERE RECONSTITUTED AND EVALUATED ACCORDING TO THE PROCEDURE IN 

SERIES 2 WITH THE FOLLOWING RESULTS. 

CODE 5-25 5 6 
RECON. TIME (SEC) 30 30 
FOAM X l/32 iN.tnici. 2 2 
FLAVOR 6.0 6.0 

5-27 
30 
2 
S.O 

5-28 

2 
6.0* 

5-29 
30 
2 
6.0» 

5-30 
30 
2 
6.0* 

•VERY SLIGHT LECITHIN -LAVOR WAS NOTED, 
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THE FOLLOWING COMMENTS AND DIRECTIONS WERE INDICATED FROM TM,E1E TCSTI. 

1. ALL SAMPLES HAO GOOD OISPERSION AND RECONSTITUTE CHARACTERISTICS. 

2. THE LECITHIN LEVEL IS »TIL. SLIOHTLY HIGH AND A REDUCED LEVEL WAS 
INDICATED FOR THE NIXT TEWS. 

3* THE PRODUCTS INSTANTIZEO WITH OSS «LONE HAD SLIGHTLY SUPERIOR FLAVOR. 

k. No FLAVOR DIFFERENCE WAS DETECTED BETWEEN THE ANTIOXIDANTS USED. 
BASED ON THIS ANO THE RECOMMENDATION OF THE SUPPLIER, TENOX A is 
THE ANTIOXIOANT OF CHOICE ANO WILL BE USED IN THE REMAINING TESTS. 

SERIES 6 WAS DESIGNED TO RE-EVALUATE THE THREE VEGETABLE OIL SOURCES IN COM- 
BINATION WITH OTHER PREVIOUSLY DETERMINED OPTIMUM CONDITIONS; THESE CONDITIONS 
INCLUDEO EMULSIF4ER TYPE AND LEVEL, ANTIOXIOANT TYPE ANO LEVEL, AS WELL AS THE 
SOURCE ANO LEVEL OF WETTING AGENTS. THE HVDROL <? GROUP INCLUDED TWO FLAVOR 
SYSTEMS ESTABLISHED IN SERIES 3* THESE VARIABLES WERE PROCESSED ACCOROING TO 
THE METHOD ESTABLISHED IN SERIES K AND 5 ANO WERE STANOAROIZED TO BE COMPARABLE 
TO 2.00 MARKET MILK. 

THE ATMOS 150 ANO TENOX A WERE AODED AT T*lk% AND O.O50 0P EACH OIL SYSTEM 
RESPECTIVELY.  THE BASIC DRYER WAS OPERATED WITHOUT PREHEATING THE FEED STOCK; 
THE INLET TEMPERATURE RANGED FROM 3&0 TO 37°*^ MAINTAINING AN AVERAGE EXHAUST 
TEMPERATURE AT l80*F.  THE DRY POWDER HAD MOISTURE CONTENTS RANGING FROM $.k 
TO 3.Q0 AND AN AVERAGE BULK OENSITY OF 0»59 GM/CC.  THESE VARIABLES WERE STEAM 
ANO WATER INSTANTIZED ACCORDING TO THE ESTABLISHED PROCEO AT WITH 2.00 SEED 
LACTOSE AND 0.1250 SILICON DIOXIDE PREBLENOEO INTO ALL PROOUCTS PRIOR TO 
INSTANTIZING. 

THE HVDROL 92 GROUP WAS SUB-DIVIDED TO PROVIDE THREI FLAVOR VARIABLES AS WELL 
AS THE CONTROL. 

6-33    No FLAVOR 

6-to   ADDED 0.010 SUGAR, 0.20 SALT, 0.000250 VANILLIN, 1.30 SODIUM CASEINATE 

6-4l   ADDED 0.010 SUGAR, 0.20 SALT, 0.00750 IMITATION MILK FLAVOR, 
1.30 SODIUM CASEINATE 

6-te   ADDED 0.010 SUGAR, 0.20 SALT, O.OOO1250 VANILLIN, 0.003750 IMITATION 
MILK FLAVOR, 1«30 SODIUM CASEINATE 

|N B'TH THE STEAM AND WATER INSTANTIZING PROCEDURES THE OSS WAS ADDED AT A LEVEL 
COMPARADLC   TO  0.0030 OF   THE   RCCONSTITUTCD   PRODUCT   AND   THE   LECITHIN  WAS   AODfD 

ACCORDINGLY  AT  0.00/0. 

THE WET MOISTURES DURING AGGLOMERATION RANGED FROM 1^.0 TO l6.O0 AND ALL PRODUCTS 
t'CRC REORIEO TO AN AVERAGE MOISTURE CONTENT OF  3.50 WITH A OENSITY OF 0.25 GM/CC 
FOR THE WATER PROCEOURC AND 0.21 GM/CC FOR THE STEAM. 

2* 
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THE FOLLOWING cooes weae ASSIGNCD TO semes 6. 

Cooe 

6-31 

6-32 

6-33 

6-34 

6-35 

6-36 

6-37 

6-38 

6-39 

6-4o 

FAT 

SOURCE 

HYOROL 92 

HYOROL 92 

HrDROL 92 

HYDROL 92 

HYOROL 9? 

KAOMEL 

KAOMEL 

PARAMOUNT X 

PARAMOUNT X 

HYOROL 92 

6-41  HYOROL 92 

6-42  HYOROL 92 

ALL VARIABLES WERE 

PROCEDURE WITH THE 

EMUL- 

•IFICR 

INSTAN- 

ANTI-   mi NO. 
OXIDANT  MCTHOD WtTTINfl AftCNT 

OSS ATMOS 150 TCNOX A WATER 

ATMOS 150 TENOX A WATER CENTROLENE-S 

ATMOS 150 TENOX A WATER OSS, CENTROLCNE-S 

ATMOS 150 TENOX A STEAM CENTROLENE-S 

ATMOS 150 TENOX A STEAM DSS, CENTROLENE-S 

ATMOS 150 TENOX A WATER CENTROLENE-S 

ATMOS 150 TENOX A WATER OSS, CENTROLENE-S 

ATMOS 150 TENOX A WATER CENTROLENE-S 

ATMOS 150 TENOX A WATER OSS, CENTROLENE-S 

FLAVOR 

ATMOS 150 

ATMOS 150 

ATMOS 150 

TENOX A  WATER  OSS, CENTROLENE-S  SUGAR, SALT, 
VANILLIN 

TENOX A  WATER 

TENOX A  WATER 

OSS, CENTROLENE-S 

OSS, CENTROLENE-S 

SUGAR, SALT, 

MILK FLAVOR 

SUGAR, SALT, 

VANILLIN, 

MILK FLAVOR 

CODE 

RECONSTITUTED AND EVALUATED ACCORDING TO THE ESTABLISHED 
FOLLOWING RESULTS. 

6-31 6-32 6-33 6-34 6-35 6-36 6-37 6-38 6-39 6-ko 6-4i 6-42 
,0 RECON.TIME  (SEC.)      20     20     20      15      15      4o     20      30      30      20      15      15 

FOAM    X  1/32   lN.thk.4        44224444222 
FLAVOR 6.0   6.      6.0   4.5    5.5    4.0   4.5    5.0   5.5    5.0   5.0   5.5 

17, 
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PACKAGING AND STORAGE 

REPRESENTATIVE QUANTITIES OF ALL SERIES 4, 5,  AND 6 VARIABLES WERE PACKAGED AT 
1.0 ATMOSPNCRC YSINQ THE AMERICAN CAN OXYOEN SCAVENGER »OUCM FVSTCM AND THE 
CHAMPION INC. STANDARD VACUUM POUCH. THESE WERE PLACED ON CONTROLLED STORAGE 
AT L8*, 28*, ANO 38^C TOR PRODUCT STABILITY STUDIES. 

AMERICAN CAN POUCH STOCK STRUCTURE (MARAFLEX JF)  CONSISTED or POLYESTER, FOIL, 
SURLYN, OXYGEN SCAVENGER, ANO SURLYN

1
5. THE CHAMPION POUCH STRUCTURE WAS SIMILAR 

WITHOUT THE SCAVENGER. BOTH MATERIALS WERL DESIGNED TO HAVE GOOD STRUCTURAL 
PROTECTION WITH VERY LOW GAS MIGRATION AND LIGHT PENETRATION. THE AMERICAN CAN 
SYSTEM WAS CHOSEN FOR THE MAJO? PORTION OF THE STUOIES AS IT HAD THE ADDED 
BENEFIT OF THE OXYGEN SCAVENGER. THIS POUCH MEA' '.RFD 6 IN. BY 9»5 IN. AND WAS 
FILLED WITH 100 GRAMS OF DRY POWC'ER. THE POUCH WAS THEN SEALED ON A TOP-VAC 
MACHINE WITH THE FOLLOWING CYCLE. 

1. EVACUATE SEALING CHAMBER TO 27 IN. VACUUM. 
2. BACK FLUSH WITH A MIXTURE OF <J?.$  NITROGEN AND Öjtf HYDROGEN TO REMOVE 

RESIDUAL OXYGEN AND ACTIVATE OXYGEN SCAVENGER. 
3. EVACUATE SECOND TIME TO 27 IN. VACUUM. 
4. SEAL ELECTRONICALLY. 
5. RELEASE V*CUUM AND REMOVE SCALED POI.H. 

THE CHAMPION POUCHES WERE USEO PSJMARILY AS A CONTROL TO OETERMINE THE NEED OF 
AN OXYOEN SCAVENGER. THEY MEASURED 6.75 *"T BY 10.75 

IN
* 

AN0
 CONTAINED 100 GRAMS 

OF POWDER ANO WERE SEALED AC SOKO IKSC TO THE SAME PROCEDURE WITHOUT HYDROGEN IN 
THE BACK FLUSH GAS. 

THE STORED PRODUCT WAS USED TO MONITOR THE PHYSICAL AND FLAVOR CHARACTERISTICS 
OF THE FINISHED PRODUCT IN COMPLIANCE WITH THE OBJECTIVES CF THE PROJECT. THESE 
TESTS INCLUDED: 

MOISTURE 
FAT (INITIAL PRODUCT ONLY) 
PROTEIN (INITIAL PRODUCT ONLY) 
ASH (INITIAL PRODUCT ONLY) 
FAT EXTRACTEO WITH PETROLEUM ETHER 
IODINE VALUE OF FAT (INITIAL PRODUCT ONLY) 
EVIDENCE OF OXIDATION 
EVIDENCE OF BROWNING 
CALCULATED CALORIC VALUE (INITIAL PRODUCT ONLY) 
PER (INITIAL PRODUCT ONLY) 

|N ADDITION TO THE REQUIRED TESTS AND AS DETERMINED BY PREVIOUS PRODUCT EVALUATIONS, 
ORY PRODUCT CAKING, R*CONST I TUT ION QUALITIES, FLAVOR, ANO FOAMING TRENDS WERE 
STUDIED AT MONTHLY INTERVALS. 

PRODUCT SAMPLES FROM SERIES 6 WERE USED FOR ALL ANALYTICAL AND PHYSICAL EVALUA- 
TIONS WITH SERIES k  AND 5 USED FOR ADDITIONAL DATA IN THE AREA OF MOISTURE CONTENT, 
BROWNING, FLAVOR, CAKING, RECONSTITUTION, ANO FOAMING. TABLE 1 SHOWS PRODUCT 
COMPOSITION OF ALL SAMPLES INCLUDED IN THE STORAGE AND FLAVOR STUOIES. 

^AMERICAN CAN COMPANY BULLETIN: THE OXYGEN SCAVANGER LAMINATE 

IS, 



TABLE 1 

SAMPLE CODE IDENTIFICATION 

FAT 

Cooe  SOURCE 

4-l8  HYDROL 92 

4-19   KAOMEL 

4-20 PARAMOUNT X 

4-21 PARAMOUNT X 

4-22  KAOMEL 

4-23 HYDROL 92 

4-24 HYDROL 92 

5-25 HYDROL 92 

5-26 HYDROL 92 

5-27 HYOROL 92 

5-28 HYDROL 92 

5-29 HYDROL 92 

5-30 HYOROL 92 

6-31 

6-32 

6-33 

6-34 

6-35 

6-36 

6-37 

6-38 

6-39 

6-4o 

6-41 

HYOROL 92 

HYDROL «2 

HYDROL 92 

HYDROL 92 

HYDROL 92 

KAOMEL 

KAOMEL 

PARAMOUNT X 

PARAMOUNT X 

HYDROL 92 

HYDROL 92 

EMUL- 

SIFIER 

INSTAN- 

ANTI-   T12 INS 
OXIPANT  METHOD WETTING ASENT      FLAVOR 

WATER CENTROLENE-S 

WATER CENTROLENE-S 

WATER CENTROLENE-S 

WATER DSS, CENTROPHIL 64-CX 

WATER DSS, CENTROPHIL 64-CX 

WATER DSS, CENTROPHIL 64-CX 

WATER DSS 

ATMOS 150 — WATER DSS 

ATMOS 150 TENOX A WATER DSS 

ATMOS 150 TENOX 4 WATER DSS 

ATMOS 150 TENOX 4 WATER DSS, CENTROLENE-S 

ATMOS 150 TENOX A WATER DSS, CENTROLENE-S 

ATMOS 150 — WATER DSS, CENTROLENE-S 

ATMOS 150 

ATMOS 150 

ATMOS 150 

ATMOS 150 

ATMOS 150 

ATMOS 150 

ATMOS 150 

ATMOS 150 

ATMOS 150 

ATMOS 150 

TENOX A 

TENOX A 

TENOX A 

TENOX A 

TENOX A 

TENOX A 

TENOX A 

TENOX A 

TENOX A 

TENOX A 

WATER 

WATER 

WATER 

STEAM 

STEAM 

WATER 

WATER 

WATER 

WATER 

WATER 

6-42  HYDROL 92 

ATMOS 150  TENOX A  WATER 

ATMOS 150  TENOX A  WMTER 

19. 

DSS 

CENTKOLENE-S 

DSS, CENTROLENE-S 

CENTROLENE-S 

DSS, CENTROLENE-S 

CENTROLENE-S 

DSS, CENTROLENE-S 

CENTROLENE-S 

OSS, CENTROLENE-S 

DSS, CENTROLENE-ü  SUGAR, SALT, 
VANILLIN 

DSS, CENTROLENE-S     SUGAR, SALT, 

MILK FLAVOR 

DSS, CENTROLENE-S     SUGAR, SALT, 
VANILLIN, 
MILK FLAVOR 

- - 
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THE MOISTURE CONTENT or THE DRY PRODUCTS WAS DETERMINED BY TOLUENE DISTULATION'6. 
THE INITIAL ANO FINAL MOISTURE CONTENTS or BOTH MUCH' SYSTEMS AT l8', 23*, AND 
38*C HAVE BEEN INCLUOEO IN TABLE 2 BELOW. 

TABLE 2 

MOISTURE CONTENT INITIALLY AND AT THE END OF 9 MONTHS' CONTROLLED STORAGE 

 gTH MONTH ------ 
AMERICAN CAN CHAMPION 

COPE INITIAL iff* 25° 30° TH1     2?P     2^ 

4-19 4.0 4.4 4.1 4.4 
4-20 4.3 4.6 4.3 4.4 
4-21 3.8 3.8 3.8 4.4 
4-22 4.2 3.2 4.1 4.4 
4-23 4.3 4.0 4.0 4.4 
4-24 4.1 4.0 3.8 4.4 
5-25 3.6 3.6 3.6 3.7 3.4 
5-26 4.0 3.9 3.9 3.6 3.5 
5-27 3.1 3.2 3.2 3.4 2.8 
5-23 3.2 3.6 3.2 3.4 3.6 
5-29 3-6 3-6 3.0 3-3 3.2 
5-3O 3.4 3.8 4.0 3.3 3.4 
6-31 3-7 3.8 3-6 3.7 3-6 
6-32 3.9 3-J 3-5 - 3-3 
6-33 3-9 3.7 3-? 3-6 3-5 
6-34 3.8 3.9 3.4 3.7 3.8 
6-35 3-5 3.2 3-6 3-7 3-6 
6-36 3-5 3-6 3-3 3-5 3-5 

6-38        3.4 3.2    3.4    3.7       3.2 
6-39 3.5 4.0     3.3     3.7 4.1 

u 3-3 
3.6 

3.2 3.2 
3.4 3.0 
3.6 3-* 
3.7 3.2 
•IBB 3.6 
3-6 3.3 
3.6 3-6 
3.4 3.5 
3.3 3-3 
3-3 3-5 
3-5 3.2 
— 3-2 
— 

Ö 3-2 
3.6 3.2 

6-37 3-J 3-8    3.6    3-7       3-6 J-38 

6-4o 3.8 3.2    3.4    3.4       3.4 
H1 H l-k    3.JJ    3.9       3-5    . 
6-42 3.6 3.2     3.6    -- 3.6    —      3.7 

THESE DATA WOULD INDICATE THAT MOISTURE PICKUP DURING THE SHELF LITE STUDY WAS 
MINIMAL AND THAT BO~H POUCH CONSTRUCTIONS AFFORDED ADEQUATE PROTECTION. ADDI- 
TIONAL DATA ON MOISTURE STABILITY ON A QUARTERLY BASIS ARE INCLUDED AS PART OF 
THE INFORMATION GIVEN IN THE GENERAL TASTE PANEL STUDY. 

THE FAT CONTENT OF THE DRY POWDERS WAS DETERMINED BY THE MOJONNIER METHOD'7. 
THE TESTS INOICATED THAT ALL PRODUCTS WERE WITHIN THE DESIGN OF THE PROJECT. 
THESE DATA ARE LOCATED IN TABLE 4. 

"METHODS OF ANALYSIS OF MILK AND ITS PRODUCTS, MILK INDUSTRY FOUNDATION, 
WASHINGTON, D.C. 3

RD
 EDITION, 1959. PAGES 302-3. 

^IBID. PAGE 273 
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THC PRCC PAT WAS DETERMINED BY EXTRACTION WITH MTROL;UM CTHIR AND INITIAL 
RCSULTS ARC INCLUOCO IN TAIICS 3 ANO k,     THII TCIT WAS ALSO RUN AT THC CNO Of 
THC 9-MONTH CONTROLLED STORAOt AT ALL TCMPCRATURCS ANO TAflt 3 INOICATCI THAT 
THCRC WCRC ONLY SLIGHT CHANGE! IN PAT MIORATION WITH RCtPCCT TO ANY OP THC 
ITUOICO VARIABLE!» THII! VARIATION! ARC IN ALL PROBABILITY WITHIN THC ACCURACY 
OP THC TCST. 

TABLE 3 

FREE FAT INITIALLY AND AT THE END OF 9 MONTHS' CONTROLLED STORAGE 

CODE       INITIAL 

6-31 6.19 
6-32 5.87 

2$ 6.05 
7-7? 

6-35 7^ 

5.3S 
5.06 

6-36 

tu 
1:21 6.36 
6-41 6.07 
6-te 6.75 

- -9T* 1 MONTH- .. _ 
I8«C 28 °C &c 
mm 5.00 .. 

5.61 5.28 -- 
-- 5.62 -- 
6.61 6.04 7.22 
6.29 e.h 7.32 
5.49 
5.64 

5.37 
5.76 

5.96 
6.31 

5.17 
1.58 
6.25 
5.68 

5.95 
5.87 
5.44 
5.69 

6.20 
5.71 
5.00 

5.85 5.88 — 

THE PROTEIN CONTENT OF THE DRY POWDERS WAS DETERMINED BY AOAC METHOD L6.150. 
THESE DATA LOCATED IN TABLE 4 WOULD INDICATE THAT ALL PROD»CTS HAVE ACCEPTABLE 
PROTEIN LEVELS. 

THE ASH CONTENT OF THE DRY POWDER WAS DETERMINED BY AOAC METHOD 16.153• THESE 
DATA LOCATED IN TABLE 4 CAN BE CONSIDERED TYPICAL FOR A MILK PR00UCT IN THIS 
CATEGORY. 

THE CALCULATED CALORIC VAIUE WAS DETERMINED BY THE ATWATER METHOD IN WHICH PRO- 
TEIN AND CARBOHYDRATE ARE ASSIGNED A VALUE OF 4 AND FAT IS GIVEN A VALUE OF 9* 
THE CALORIC CONTENT IS SHOWN IN TABLE 4. 

PROTEIN, ASH, AND CALORIC VALUES ARE CONSIDERED COMPARABLE TO THAT OF FORTIFIED 
2$ MILK AS IT APPEARS in THE USDA HANDBOOK #8. 

THE 100INE VALUE FOR EACH OF THE FAT SYSTEMS WAS CONDUCTED USING AOAC METHOD 
28.019; RESULTS ARE ILLUSTRATED IN TABLE 4.  THESE VALUES INDICATE A MUCH 
HIGHER DEGREE OF UNSATURATION IN THE DOMESTIC OIL (KAOMEL) THAN IN EITHER THE 
COCONUT OIL (HYOROL 92) OR THE PALM KERNEL OIL (PARAMOUNT X).  THIS WOULD 
FURTHER INDICATE THAT THE DOMESTIC OIL SYSTEM SHOULD BE LESS STABLE ON STORAGE. 

31; 
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THE  
SV AN OUTS IOC 

PROTEIN   ErriCIENCY   RA 

LABORATORY^ * 
J£ STUDIES FOR SELECTED STORED VARIABLES WERE CONDUCTED 

THESE TESTS WERE DESIGNED TO DEMONSTRATE THE DIF- 
FERENCES BETWEEN FAT SOURCE AND PROCESSING CONDITIONS.  THE RESULTS ADJUSTED TO 
STANDARD 2.5 CASEIN ARE IN TABLt 4 AND INDICATE AN ACCEPTABLE PER FOR ALL VARIABLES. 

CODE 

6-31 
6-32 
6- 
6- 
6- 
6- 
6- 
6- 
6- 

3 
3 
35 
36 
3 

39 
64o 
6-1+1 
6-42 

TABLE 4 

% 

INITIAL PRODUCT COMPOSITION 

% % %* 
% TREE MOIST- PRO- CARBO- t 

FAT FAT URE TE IN KYDRATE ASH 

15.80 6.19 
5.87 

3-ZI 
3.88 

29.42 
29.10 

ft-97 
44.27 

7.10 
6.94 

15.86 
15.68 

6.O5 
7-7? 3.84 

29.22 
29.14 

44.02 
44.34 

6.96 
7.00 

15.87 7.5* 
5, fa 

3.50 29.36 44.25 7.01 
15.19 3.46 29.38 

29.4O 
44.89 7.09 

15-79 5-3? 3-71} 44.07 
44.7Ä 

7.00 
15.17 5.06 \t 29.54 7.15 
16.02 m 2g.l8 44.22 7.11 

6.9O 15.25 3-84 28.6I 45.40 
44.82 15.30 6.07 3.66 29.22 

28.93 
7.00 
6.77 15.22 6.75 3.60 44.48 

I       CAUSES/ 
VALUE     100 GM-       PER 

4.86 
4.89 
4.31 
4J7 
4.05 

45.56 
45.49 

1.12 
4.30 
5.18 

1% 

436 2.38 
J39 2.35 
436 2.58 
J35 
?37 2.27 
^35 2.45 
436 -- 

^3 2.44 
438 -- 

$ 
2.47 

^35 — 

•BY DIFFERENCE 

THE EVIDENCE OF OXIDATIVE AND BROWNING CHANGES WAS DETERMINED 0RGAN0LEPTICALLY 

AND VISUALLY INITIALLY AND AT MONTHLY INTERVALS FOR ALL PRODUCTS ON CONTROLLED 

STORAGE. EVIDENCE OF OXIDATION WAS EVALUATED IN THE DRY FORM BY SMELLING THE 

PRODUCT AND RATING ITS FRESHNESS. THE SAMPLE WAS THEN RECONSTITUTED AND TASTED. 

EVIDENCE OF BROWNING WAS DETERMINED BY OBSERVING BOTH THE DRY AND LIQUID PRO- 

DUCTS UNDER "NATURAL" TYPE FLUORESCENT LIGHTING.  THIS METHOD WAS CHOSEN AS 
COLORIM^TRLC METHODS IN PAST EXPERIENCE HAVE NOT BEEN ACCURATE ENOUGH TO PICK 

UP SUBTLE DIFFERENCES. THESE TESTS INDICATED THAT NO OXIDATION OR BROWNING 

WAS PRESENT INITIALLY, DURING, OR AT THE END OF THE CONTROLLED STORAGE PETLLOD. 

THIS WAS TRUE FOR BOTH POUCH SYSTEMS AT ALL STORAGE TEMPERATURES. 

'OR. 0SNER-HIX30N LABORATORIES, CHICAGO, ILLINOIS 
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DRY PRODUCT CAKING EXISTEO TO SOME EXTENT IN ALL STORED PRODUCTS AS STORAGE 
STUDIES PROGRESSED. THIS WAS 08SERVED IN ABOUT THE SIXTH MONTH OF STORAGE. AS 
CAN BE NOTED IN TABLE 5, THE CAKING INCREASED IN INTENSITY WITH S*TH TIME AND 
TEMPERATURE. THE CONDITION APPEARED TO BE DUE TO PRESSURE RATHER THAN MOISTURE 

SINCE AS INOICATEO CARDER IN TABLE 2, MOISTURE PICKUP WAS NEGLIGIBLE.  CAKING 
DUE TO MOISTURE CAN RENDER A PRODUCT UNACCEPTABLE BY MAKING IT VERY DIFFICULT 
TO RECONSTITUTE.  CAKING DUE TO PRESSURE, ALTHOUGH UNDESIRABLE "!OM AN AESTHETIC 
STANDPOINT, DOES NOT APPRECIABLY INTERFERE WITH RECONSTI TUT ION,      PRODUCT EXHIBITED 
A HARD CAKE AFTER SEVEN MONTHS' STORAGE AT 38t; HOWEVER, ONLY MODERATE CAKE WAS 
PRESENT AFTER SIX MONTHS1 STORAGE AT "$X   AND NINE MONTHS1 STORAGE AT 28^C# 

TABLE 5 

CAKING DURING NINE MONTHS' CONTROLLED STORAGE 

COD£ 

4-19 
4-20 
4-21 
4-22 
^-23 
4-24 

5-25 
5-26 

5-20 
5-29 
5-30 
6-31 
6-32 

£P 
£P 
6-37 
6-38 

t% 
6-4i 
6-42 

MONTHS ilö'C 
INITIAL     i_ i   6_ Z   Ö   2 

MONTHS 828 *C 
ITTTT1 

MONTHS Q38*C 

ITTTTT 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

0    1 

0 
0 
0 
0 
0 
0 

1 
1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2 
2 
2 
c 

1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

1    2 
1    2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

0    1 

0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
T 
1 
1 
1 
1 
1 
1 
1 

2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 

2 
2 

1 2 
1 2 
0 1 
0 1 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

0 
G 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
i_ 

2 
2 
2 
2 
2 
2 
2 

2 
0 
0 
0 
0 
0 

3 3 
3 3 
2 3 
2 3 
o 3 
3 3 

4   3 3 
Ik 3 3 
3 x? 3 
3   3\3 
3   3 \ 
3   3 3\ 
3   3 3" 
3   3 3 

3 
3 
3 
3 
3 
3 

3 3 3 
3 3 3 
3 3 3 
3   3   3 

3 
3 

3 
3 
3 

NONE 1   =«   SLIGHT MODERATE HARD 
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RCCONSTITUTION AND rOAMING TRENDS WERE STUDIED BY RECONSTITUTING THE DRY POWDER 
AS PREVIOUSLY DESCRTBED.  THE TIME REQUIRED fOR DISPERSION AS WELL AS THE AMOUNT 
OF FOAM IN l/32 INCH IS RECORDED IN TABLE 6.  THE RATE OF RECONSTI TUT ION INDICATES 
THAT ALL SAMPLES RECONSTITUTED WELL WITHIN THE Jj-MINUTE MAXIMUM SET FORTH IN THE 
OBJECTIVES. THE AMOUNT or FOAM IN 1/32 INCH, I.E., THE SECONO NUMBER IN EACH 

COLUMN, INDICATES THAT ALTHOUGH THE AMOUNT OF FOAM DID VARY WITH FORMULATION AND 
PROCESS, VIRTUALLY ALL SAMPLES EXHIBITED AN EXCESSIVE FOAMING TENDENCY.  NEITHER 
RECONSTITUTE RATE NOR THE AMOUNT OF FOAM APPEARED TO BE A FUNCTION OF STORAGE 
TIME OR TEMPERATURE. 

THE FLAVOR or ALL STORED PRODUCT WAS MONITORED AT MONTHLY INTERVALS DURING THE 
9-MONTH STORAGE STUDY. TEST PROOUCTS rOR THESE EVALUATIONS WERE RECONSTITUTED 
AND THE FLAVOR WAS SCORED ACCORDING TO THE PROCEOURE DESCRIBED IN SERIES 2. 
THE RCSULTS or THESE EVALUATIONS ARE REPORTED IN TABLE 7« 

THESE DATA WOULD INDICATE THAT (1) THE MAJORITY or STORED SAMPLES HAD CONSTANT 
rLAVOR SCORES THROUGHOUT THE STORAGE STUDY AT 10° AND 2ÖX..  THE fflX.   SAMPLES 
MAINTAINED STABLE rLAVOR VALUES FOR SIX MONTHS WITH SOME DETERIORATION AFTER 
THAT POINT) (2) SLIGHT Orr rLAVORS WERE NOTEO WITH RESPECT TO THE rORMULA 
ADDITIVES IN THE INITIAL EVALUATIONS WITH THIS SITUATION DISSIPATING EARLY IN 
THE STORAGE STUDIES; (3) THERE IS SOME INDICATION BASED ON THESE EVALUATIONS 
THAT THE rLAVOR Or THE l8° AND 28*C SAMPLES IMPROVED ON STORAGE rOR THE riRST 
THREE OR rOUR MONTHS - THIS CONDITION WAS MAINTAINED UNTIL THE END Or THE STUDY; 
AND [k)   THE PACKAGING SYSTEM WITHOUT THE OXYGEN SCAVENGER WAS COMPARABLE TO THE 
SCAVENGER POUCH FOR PHYSICAL AND rLAVOR CHARACTERISTICS TESTED. 
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FLAVOR EVALUATIONS 

TMESC STUDIE* EMPLOYED THE USE OF AN EXPERT AND GENERAL TASTE PANEL INITIALLY 

AND AT THREE-MONTH INTERVALS FOR A PERIOD OF NINE MONTHS TO EVALUATE THE CONTROL, 

FRESH 2.0# MARKET MILK, AND SELECTED SAMPLES OF THE SHELF LIFE STUDY.  THIS IN- 

FC NATION COMBINED WITH THE ANALYTICAL, PHYSICAL, AND FLAVOR DATA WAS USED TO 
DETERMINE THE MOST SATISFACTORY PRODUCT OF THE STORAGE PROGRAM. 

TH£ EXPERT TASTE PANEL WAS COMPRISED OF THREE TO FIVE PERSONS FAMILIAR WITH DRY 

MILK PRODUCTS.  THE PANEL WAS USED PRIMARILY TO JUDGE OVERALL PRODUCT FLAVOR 
WITH fMPHASIS ON THE PRESENCE OF CHALKINESS. 

THE MILK SAMPLES FOR THE INITIAL TESTS WERE RECONSTITUTED WITH 4.0*C WATER TO 

YIELD 13.056 TOTAL SOLIDS WITH 2.0$   FAT.  THE SERVING TEMPERATURE AT THE END OF 
FIVE MINUTES WAS APPROXIMATELY 1 ~) "C .  THE SAMPLES WERE EVALUATED FOR CHALKINESS 
AT THE 5 AND 30 MINUTE TIME INTERVALS AFTER RECONSTITUTION.  AT THE SAME TIME 

THEY WERE RATED ON A «J-POINT HEOONIC SCALE. 

Ar'TER ANALYSIS OF THIS TEST, THE INITIAL GENERAL TASTE PANEL, ANO OPTIMUM TOTAL 

SOL IRS LEVEL SCREENING STUDIES, IT WAS DETERMINED THAT A RECONSTITUTION LEVEL OF 

11.0 TO 12.Oft TOTAL SOLIDS SHOULD BE USED FOR ALL REMAINING STUDIES.  THIS LEVEL 

MORE CLOSELY MATCHED THE FLAVOR AND MOUTHFEEL OF THE FRESH 2.0)6 MARKET MILK. 

IT WAS FURTHER DETERMINED AFTER CONTACTING U.S. ARMY NATICK LABORATORIES THAT A 
quality SCORING FORM MORE SUITABLE TO MILK PRODUCTS SHOULD BE USED TO EVALUATE 
THE REMAINING MILK SAMPLES. THIS FORM INCLUOED THE FOLLOWING FORMAT: 

1. EXTREMELY POOR 6. BELOW GOOD - ABOVE FAIR 
2. VERY POOR 1: GOOD 

3. POOR VERY GOOD 
h. BELOW FAIR - ABOVE POOR 9- EXCELLENT 

5- FAIR 

IN ALL REMAINING EXPERT evaluations THE SAMPLES WERE RECONSTITUTED TO 11.5^ 
TOTAL SOLIDS ACCORDING TO THE PROCEDURE DESCRIBED IN THE INITIAL TEST AND USEO 

THE REVISED SCORING SYSTEM. THE DATA IN TABLE 8 INCLUDE THESE SCORES COMBINED 
WITH THAT OF A BLIND 2,0# MILK SAMPLE. INITIAL SCORES FOR FLAVOR ARE RECORDED 
FOR ALL SERIES 6 VARIABLES. IN ORDER TO SHARPEN THE FOCUS OF THE STUOY, A 
NUMBER OF SAMPLES WERE ELIMINATED AFTER THE INITIAL EVALUATION. BASED ON FLAVOR, 
STABILITY, AND SOLUBILITY DATA, SAMPLES CONTAINING KAOMEL AND PARAMOUNT X AS 
WELL AS THOSE INSTANTIZEO WITH STCAM WERE NOT INCLUOED IN THE SUBSEQUENT EXPERT 
PANELS. 

THE DATA IN TABLE 8 DEMONSTRATE THAT THE PRODUCTS TESTED HAD ACCEPTABLE FLAVOR 
SCORES THROUGHOUT THE TEST PERIOD WHEN COMPARED TO FRESH 2.0)6 MARKET MILK, 
CHALKINESS WAS NOT CONSIOEREC A PROBLEM AS PANELISTS DID NOT DETECT ITS PRESENCE 
IN ANY OF THE TEST PRODUCTS. 
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TABLE 8 

AVERAGE HEDQNIC SCORES FOR EXPERT TASTE PANEL DURING NINE MONTHS' CONTROLLED STORAGE 

DATE RECORDED   5 MINUTES 

30 MINUTES 

INITIAL 
3  MONTHS 6 MONTHS 9 MONTHS 

CODE 1Ö«C 28*C jg*C 1öt 2öt 30t lot 2ÖX 3öt 

6-31 5.0 5iS 
5-5 

5il 5il 
5.7  5.5 

6.7   6.5   6.0 
575 576  57Ö 

5i£ S,o j^o 
57Ö 5.3  5.0 

6-32 5.3 ^6 
5-7 5.9 P» 

ib.7  Id iLO 
¥77  5T6  4~5 

6-33 5.6 
$ 

5ii JL5 
5.2 5.0 

la ifi iti2 
5.0  5.0  4.5 111 il  l& 

6T2  57o  5.0 

6-34 5.5 mm —    — 

6-35 

6-36 

6-37 

6 38 

6-39 

6-4o 

5.8 

50 

5.7 

5.3 

4.9 

5.7 

5.3 6-1*1 

6-42 — 6.2   -- 
7.0 

5i 6^  « 
5.5  572 

2% MARKET 

MILK 
6.3 — fer -    7^ - 

0V9 
-    7^0   - 

7.0 

?* 
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THE GENERAL TASTE PANEL WAS OESIGNEO WITH DATA FROM THE EXPERT PANEL TO YIELD 
THE MOST PROMISING PRODUCT OF THE CONTROLLED STORAGE PROGRAM.  THESE TESTS WERE 
CONDUCTED USING APPROXIMATELY 30 YOUNG ADULT MALE STUDENTS OF GREENVILLE CO'.LEGE 
RANGING IN AGE FROM l8 TO 25 YEARS.  THE MILK SAMPLES FOR THESE TESTS WERE IRE- 
PARED WITH 4.0°C. WATER AND PLACED IN INSULATED CONTAINERS PRIOR TO TESTING.  AT 
'Ht TIME OF TESTING, SAMPLES WERE 3° MINUTES TO 60 MINUTES OLD AND HAD TEMPERA- 
TURES RANGING FROM 10°C. TO 15*C. 

AS DISCUSSED IN THE OBJEI.  /ES OF THIS PROJECT, THE PERCENT FAT*?, PERCENT TOTAL 

SOLIDS
20

, AND PERCENT INSOLUBLE NONFAT SOI .OS, WERE REQUIRED FOR ALL TEST 

PRODUCT. THESE DATA APPEAR IN THE TABLES GIVING THE GENERAL TASTE PANEL RESULTS. 

FOR FURTHER CLARITY OF THE TASTE PANEL DATA, THE HOMOGENIZATION EFFICIENCY AND 

DRY MOISTURE CONTENT OF EACH SAMPLE WAS ALSO INCLUDED. 

A DETAILED DISCUSSION OF EACH GENERAL TTSTE PANEL FOLLOWS. 

THE INITIAL GENERAL IASTE PANEL WAS CONDUCTED IN THE BASEMENT OF THE FIRST BAPTIST 
CHURCH. TO MINIMIZE TALKING AND DISCUSSION OF IHC TEST PRODUCTS, THE PANELISTS 
W^RE SEATED FOUR TO AN 8-FOOT TABLE FACING OUTWARD. THE TABLES WERE LOCATED IN A 
LARGE SEMI-CIRCLE APPROXIMATELY 10 FEET APART. THE TEST SAMPLES WERE RECONSTI- 
TUTED TO 13«0# TOTAL SOLIDS AND 2.0$ FAT AND DISTRIBUTED FROM THE CENTER OF THE 
SEMI-CIRCLE IN NUMBER-DESIGNATED PAPER CUPS. THE PANEL WAS DIVIDED INTO TWO 
TASTING SESSIONS OF SIX SAMPLES EACH WITH FRESH MARKEI 2.0$ MILK INCLUDED AS THE 

UNMARKED CONTROL.  IN THIS PANEL THE J-POINT   SCORING SYSTEM PREVIOUSLY DISCUSSED 
IN THE INITIAL EXPERT PANEL WAS USED AND THE DATA COLLECTEO ARE AS FOLLOWS: 

TABLE r 

INITIAL GENERAL TASTE PANE L 
(29 PANELISTS) 

% 
UNDIS- 

ft SOLVED HOMO 
?rORAGE HEDONIC % TOTAL NONFAi EFFI- % DRY 

CODE TEMP.°C. AVERAGE FAT SOLIDS SOLIDS CIENCY MOISTURE 

6-31 INITIAL 3.0 2.04 12.75 •15 POOR 3.72 
6-32 
6-33 
6-3$ 

INITIAL 

INITIAL 
2.9 
3-f 2!o8 

.10 

.15 
POOR 

POOR if 
INITIAL 3.'' 1.99 12.5!* •95 POOR 3.84 

6-35 INITIAL 2.9 2.03 12.5g 1.00 POOR 3.50 
3.46 6-36 INITIAL li 2.1Ö 13.18 .10 GOOD 

6-37 
6-38 

INITIAL 2.10 13.00 .15 GOOD 3-71* 
INITIAL 2.1 2.06 12.85 .10 GOOD \fe 6-39 

6-fe 
INITIAL 2.6 — .25 -- 
INITIAL 3.0 2.09 13.07 .10 GOOD 3.60 

2% MARKET 

MIL« 5.6 I.85 10.63 — POOR mm 

''METHODS OF ANALYSIS OF MILK AND ITS PRODUCTS, MILK INDUSTRY FOUNDATION, 
WASHIKGTON> 0, C. 3Ro EDITION, 1959. PAGE 273 

20
IBID. PAGE 287 

2*|B'D,  PA6CS 1*76-7 

29 
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THCSC DATA DEMONSTRATED THAT ALL FLAVOR SCORES INCLUDING THE FRESH MARKET 2.00 
MILK WERE UNREAL ISTICALLV LOW. OASE0 ON THE REASONING DISCUSSED IN THE EXPERT 

TASTE PANEL IT WAS DECIDED TO NEDUCE THE TOTAL SOLIDS OF THE RECONSTITUTED 
SAMPLES AND USE THE SCORE CARD RECOMMENOED BY THE NATKK LABORATORIES IN ALL 
REMAINING GENERAL TASTE PANEL STUDIES. 

EVEN THOUGH THE FLAVOR SCORES WERE CONSIDERED LOW, THEY DID INDICATE THAT THE 

HYDHOL 92 VARIABLES WERE PREFERRED OVER THE PRODUCTS CONTAINING PARAMOUNT X AND 
KAOMEL OIL SYSTEMS. THE HYDROL 92 SERIES WAS USED IN THE REMAINING GENERAL 

TASTE PANEL STUDIES. COMPARATIVE DATA FOR THE OTHER OIL SYSTEMS CAN B«: FOUND 

IN TABLE 7. 

THE PERCENT TOTAL SOLIDS AND PERCENT FAT DATA INOICATE THAT ALL PRODUCTS WERE 

RECONSTITUTED WITHIN THE DESIRED RANGE. THE 2.OJL  MARKET MILK HAD LOWER VALUES 
THAN EXPECTED. THIS SITUATION MAY HAVE CAUSED SOME OF THE DISCREPANCIES IN THIS 
PANEL.  THE PERCENT UNOISSOLVED NONFAT SOLIDS WAS CONSIDERED VERY GOOO FOR ALL 
SAMPLES TESTED WITH THE EXCEPTION OF THE STEAM INSTANTIZED VARIABLES.  THESE LEVELS, 
APPROXIMATELY l.OjS, WERE CONSIDERED TOO HIGH AND THESE VARIABLES WERE ELIMINATED 
FROM FUTURE EVALUATION IN THE GENE»AL TASTE PANEL.  RELATIVE FLAVOR SCORES FOR 
THESE VARIABLES OVER THE CONTROLLED STORAGE PERIOD ARE INCLUOEO IN TABLE f. 

THE PERCENT MOISTURE OF THE DRY PRODUCT A*D HOMOGENIZATION EFFICIENCY OF THE 
LIQUID PRODUCT HAVE BEEN INCLUDED AS GENERAL INFORMATION WITH NO DEFINITE TRENOS 
ESTABLISHED FOR THE HOMOGENIZATION EFFICIENCY AT THIS TIME.  THE PERCENT DRY 
MOISTURES INDICATED ALL PRODUCT WAS IN Ah ACCEPTABLE RANGE PRIOR TO TESTING. 

THE 3-MONTH GENERAL TASTE PANEL WAS CONDUCTED ACCORDING TO THE FOREMAT ESTAB- 
LISHED IN THE INITIAL PANEL AND WAS DESIGNED TO EVALUATE THE HYPn0L 92 VARIABLES 
AT THEIR CONTROLLED STORAGE TEMPERATURES.  THESE RESULTS ARE INCLUDED IN THE 
FOLLOWING TABLE. 

TABLE 10 

3-MONTH GENERAL TA5>TE  PANEL 
(32 PANELISTS) 

% 
UNOIS- 

$ SOLVED HOMO 

STORAGE HEDONIC $ TOTAL NONFAT EF-I- % DRY 
COPE TEMP.T 

l8«C 

AVERAGE 

3-9 

FAT 

I.63 
1.64 

SOLIDS 

10.52 

SOLIDS 

.10 

C tENCY MOISTURE 

6-31 GOOD mm 

6-31 28t 3-9 10.95 
IO.83 

.10 GOOO — 
6-31 38 K 3.2 1.70 .10 ■iOOD — 

6-32 l8«C 3.9 
?-9 

1.83 11.14 .10 GOOD mm 

6-32 28 *c 1.83 11.20 .10 GOOD mm 

6-V 38 «C »».7 1.75 10.93 .10 FAIR mmi 

6-33 i8«c ^5 1.5* 10.19 .10 POOR mm 

6-33 28 X 
4.0 

1-73 10.90 .10 FAIR ■»w 

6-33 38 X 1.55 10.57 .10 FAIR — 

6-U2 28% 4.8 1.55 10.59 .10 FAIR «_ 

2% MARKET 

MILK 5.3 1.93 10.79 — mm ~- 

3Qf 
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THE HEDONIC AVERAGES WOULD INDICATE THAT THE NEW SCORING SYSTEM HAO AIDED IN 

GIVING MORE REALISTIC VALUES TO THE PRODUCTS BEING TESTED. THE FRESH MARKET 

MILK CO»;TR0L, HOWEVER, WAS NOT AFFECTED AND RECEIVED APPROXIMATELY THE SAME 

SCORE AS IT DID IN THE INITIAL EVALUATION. AFTER THREE MONTHS' STORAGE THE 

SAMPLES STORED AT 2&X.  APPEARED TO HAVE THE BEST FLAVOR WITH THE L3X AND 3öX 
VALUES BEING SLIGHTLY LOWER.  ALL SAMPLES SCORED WITHIN 2.0 POINTS OF THC CONTROL. 

THE PERCENT TOTAL SOLIDS AND PERCENT FAT VALUES FOR THIS STUOY WERE LOWER THAN 

ANTICIPATED BUT DID NOT APPEAR TO AFFECT THE FLAVOR RATINGS OF THC TEST PRODUCT. 

THF UNDIS-JOLVED NONTAT WAS CONSIDERED TO BE ACCEPTABLE AND CONSTANT FOR ALL 
PRODUCTS WITH NO DETERIORATION IN THIS CHARACTERISTIC AT ANY OF THE STORAGE 
TEMPERATURES. HOMOGEN 12 AT I ON EFFICIENCIES HAD NOT BEEN AFFECTED BY STORAGE 
TEMPERATURE AND WERE CONSIDERED COMPARABLE WITH THE RESULTS OBTAINED IN THC 
INITIAL PANEL. 

THE 6-MONTH GENERAL PANEL WAS A CONTINUATION OF THE 3"M0NTH PANEL AND WAS DE- 
SIGNED TO FURTHER EVALUATE THOSE SAMPLES WITH AN ADDITIONAL THREE MONTHS* 
CONTROLLED STORAGE.  THE FOLLOWING ARE THE RESULTS OBTAINED FOR THESE TESTS. 

TABLE  11 

6-MONTH GCNERAL TASTE  PANEL 

COPE 

6-31 
6-31 
6-31 

6-32 
6-32 
6-32 

6-33 
6-33 
6-33 

6-42 

STORAGE 
TEMP.*C 

l8t 
28t 
38 T: 

I8°C 
28«C 
38 °c 

18t 
28 X 
38 t 

28°C 

HEDONIC 

AVERAGE 

2%  MARKET MILK 

4.0 

5.5 

3-5 
3-7 
2.5 

1.93 
1.90 
1.95 

3.8 
4-5 
3-5 

1.98 
1.92 
1.94 

5.0 
4.0 
3-3 

1.92 
1.91 
1.93 

1.90 

2.00 

% 
TOTAL 
SOLIDS 

UNDIS- 
SOLVCO 

NONFAT 
SOLIDS 

HOMO 
EFFI- 
CIENCY 

% DRY 
MOISTURE 

12.l4 
12.11 
12.o4 

.08 

.08 
•13 

GOOD 
GOOD 
GOOD 

3.52 
4.00 
4.00 

12.o4 
11.92 
12.08 

.05 

.08 

GOOD 

GOOD 

GOOD 

3.48 
3.80 
4\oo 

11.77 

12!o8 

.08 

.10 

.10 

GOOD 

GOOD 
GOOD 

3.72 
3.72 
4.00 

12.05 .10 FAIR 3.4o 

10.88 .- ■■«• -_ 

THESE DATA WOULD INDICATE THAT ALL ANALYTICAL AND PHYSICAL CHARACTERISTICS ARE 

NORMAL AND WITHIN ACCEPTABLE RANGES WITH NO DEFINITE TREND ESTABLISHED WITH 

KESPECT TO STORAGE AND TEMPERATURE VARIATIONS. THE FLAVOR SCORES INDICATE THAT 

THE SAMPLE CODED 6~33 IS THE BEST VARIABLE ON STORAGE AND COMPARES FAVORABLY 

WITH THE CONTROL. THE SAMPLES CODED 6-3I AND 6*32 HAVE RECEIVED SLIGHTLY LOWER 

FLAVOR SCORES AND ARE CONSIDERED COMPARABLE IN FLAVOR VALUES. 

31, 
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AT THIS POINT IN THE INVESTIGATION A DEFINITE TREND WAS ESTABLISHED WITH RESPECT 
TO FLAVOR DETERIORATION ANO STORAGE TEMPERATURES.  THE l8^C ANO 28*C SAMPLES 
WERE DEFINITELY SUPERIOR TO THE $X   PRODUCT.  THE SAMRLC MODIFIED WITH FLAVOR 
ADDITIVES, (>-42, WAS STILL CONSIDERED ACCERTABLt BUT DID INDICATE A LOWER FLAVOR 
VALUE. THIS WOULO INDICATE THAT THIS MODIFICATION DID NOT PROLONO THE SHELF LI?« 
AS EXPECTED. 

THE 9-MONTH GENERAL TASTE PANEL WAS CONOUCTEO ACCORDING TO THE METHODS EST«SUSHED 

FOR THE THREE PRECEDING PANELS AND WAS DESIGNED TO EVALUATE THE FOLLOWING SAMPLES 

AS A MEANS OF DETERMINING THE BEST PRODUCT OF THIS STUDY. 

6-33 *T L8*, 28*, AND 38^C WAS CHOSEN AS IT CONSISTENTLY SCORED WELL 
THROUGHOUT THE ENTIRE PROGRAM. 

6-3I AT L8% 28% ANO 38^ WAS SELECTED BASED ON DIRECTION FROM THE PREVIOUS 
EXPERT AND GENERAL TASTE PANELS WHICH INDICATED A CLEANER FLAVOR CHARACTER. 

6-42 AT L8* AND 2&X  WAS CHOSEN AS FURTHER DATA WERE DESIRED WITH RESPECT 
TO STORAGE STABILITY AND FLAVOR ADDITIVES. 

THIS PANEL DID NOT INCLUDE THE 6-32 VAT 1 ABLE AS OFF NOTES WERE OETECTED IN THE 
PREVIOUS EXPERT PANEL. ALSO, IT WAS DECIDEO TO REDUCE THE WORK LOAO OF THE 
PANELISTS FOR GREATER ACCURACY IN THE FINAL TEST. THE PANEL EVALUATED TWO 
LOTS OF FIVE SAMPLES EACH AND THE FOLLOWING ARE THE RESULTS OBTAINED. 

TABLE 12 

9-MONTH GENERAL TASTE PANEL 
(3Ö PANELISTS) 

CODE 

STORAGE 

TEM^.IC 

HEDONIC 

AVERAGE 
% 

FAT 

% 
TOTAL 

SOLIDS 

UNDIS- 

S0LVED 

NONFAT 

SOLIDS 

HOMO 

EFFI- 
CIENCY 

% DRY 

MOISTURE 

6-31 
6-31 
6-31 

18 
28 
38 

4.1 

3.5 

I.87 
1,82 
1.82 

11.4o 
II.34 
II.38 

0 1 
0.1 
0.1 

POOR 
POOR 
FAIR 

3-84 
3-64 
3.68 

6-33 
6-33 
6-33 

18 
28 
38 

4.*6 
3-8 

I.87 
1.80 
1.8l 

11.39 
11.20 
11.21 

0.1 
0.1 
0.1 

POOR 

VERY   POOR 
POOR 

3.72 
3-92 
3.60 

6-42 
6-42 

18 
28 

4.8 
4.1 

WJ 
I.76 

H.34 
11.39 

0.1 
0.1 

POOR 
FAIR 

3.68 
3.80 

Z% MARKET MILK 6.G 1.96 10.80 POOR 

BASED ON THESE DATA THE SAMPLE CODED 6-33 WAS CONSIDERED TO BE THE MOST PROMISING 
product deveLoped. IT MAINTAINED AN ACCEPTABLE SHELF LIFE DURING THE CONTROLLED 
STORAGE STUDY FOR NINE MONTHS AT L8*C ANO 28"C, AND FOR SIX MONTHS AT 38"C. 
ALSO, IN ALL STATED TIME PERIODS THIS PRODUCT'S HEDONIC AVERAGES WERE WITHIN 
2.0 POINTS OF THE CONTROL FRESH MARKET 2.0$ MILK. 

& 
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THE PRODUCT COOED 6-31 WAS ALSO CONSIDERED ACCEPTABLE WITH SLIGHTLY LOWER SCORES 
THROUGHOUT THE 0URATI0N OF THE STUDY. 

AS BEFORE, THE SAMPLE 6-42 CONTAINING THE FLAVOR ADDITIVE DID NOT EXHIBIT ANY 
FLAVOR IMPROVEMENT WITH RESPECT TO TKE OTHER PRODUCTS TESTED AND WAS CONSIDERED 
COMPARABLE TO 6-31. 

■33 
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RECOMMENDED PROCESSING PROCEDURE AND FORMULATION 

Coot 6-33 

1. RAW SKIM MILK TESTING 8.60 TOTAL SOLIDS WAS MCHCATCD TO l80*F WITH A 15 SCCONO 
HOLD PRIOR TO THE VACUUM PAN AND FLASHED INTO THE VACUUM PAN OPERATING AT 26" 
AND 120*F. IT WAS CONDENSEO TO 35'18j* TOTAL SOLIDS AND 0.250 FAT. 

2. THE CONDENSED SKIM WAS MIXED WITH THE FAT SYSTEM TO YIELD A DRY POWDER CON- 
TAINING 15«5^ FAT« THE OIL USED FOR THIS MIXTURE WAS HYDROL 92 CONTAINING 
ÄTMOS 150 ANO TENOX A AT fA^%  AND O.OF}%  OF THE FAT SYSTEM, RESPECTIVELY. 

3. ALL COMPONENTS WERE HEATED TO 150°F PRIOR TO MIXING.  THIS MIXTURE WAS MIXED 
FOR 5 MINUTES, PLATE HEATED TO l80°F, FLASHED INTO VACUUM CHAMBER OPERATING 
AT 15" VACUUM. AFTER THE VACUUM TREATMENT, THE MIX WAS REMOVED FROM THE 
CHAMBER AT l60*F AND HOMOGENIZED AT 3000 + |jOO PSIG AND COOLED TO 40"F PRIOR 
TO SPRAY DRYING.  TESTS INDICATED "^000'' HOMOGEN IZAT ION EFFICIENCY AT THIS 
POINT IN THE PROCESS. 

k.    THE MIX WAS SPRAY DRIED AT 3^5'F INLET TEMPERATURE WITH A 195"F EXHAUST 
TEMPERATURE USING AN SC>35 HIGH PRESSURE N0.7ZLE OPERATING AT 2300 PSIG. 
THE RESULTANT DRY POWDER WAS COOLED TO 9°"'"j *N0 M*° A DRY MOISTURE CONTENT 
OF 3.6jf AND A DENSITY OF 0.^8 GM/CC . 

5.  THE DRY POWDER WAS PREBLENDED WITH 2 .Oji  SEED LACTOSE AND 0.1250 SILICON 
DIOXIDE AND WAS INSTANTIZED FOLLOWING THE WATER INSTANTIZING PROCEDURE USING 
OSS ANO LECITHIN AS REHYDRATION AIDS.  THESE ADDITIVES WERE ADDED AT A RATE 
CALCULATED TO BE 0.00^ AND 0.0070, RfS PECTIVELY, OF THE RECONSTITUTED MILK 
PRODUCT.    THE AGGLOMERATED POWDER HAD )S^% MOISTURE CONTENT OUT OF THE 

HYDRAT ION CHAMBER AND ACHIEVED LA.'.TOSE CONVERSION WITH 1.0 MINUTE HOLD ON 
AN ENDLESS BELT PRIOR TO REDRYING.  THE AGGLOMERATED MAT WAS THEN CHOPPED 
WITH A WIRE CUTTER AND REDRIED TO 3«O0 MOISTURJ CONTENT OH A TRAY DRYER 
OPERATING AT 290*F AND 2ÖO°F FOR THE FIRST AND SECOND SECTIONS, RESPECTIVELY. 
THE DRY INSTANTIZED POWDER WAS THEN TRAY COOLED TO 70T. 

THE FORMULATION OF THE DRY IHSTANTIZED MILK PRODUCT WAS: 

COMPONENT 0 

SKIM MILK SOLIDS 
MILK FAT (ESTIMATED) 
VEGETABLE OIL 
EMULSIFIER 
ANTIOXIDANT 
LACTOSE 
SILICON DIOXIDE 
DSS 
LECITHIN 
MOISTURE 

79.280 
0.575 

13.836 
1.106 
0.008 
2.000 
0.125 
0.020 
O.O5O 
3.000 

THIS, PROI UCT WAS DESIGNED TO BE RECONSTITUTED WITH 10-15*F WATER AND TO YIELD 
A MILK DRINK CONTAINING 11 .50 TOTAL SOLIDS AND 1.Q0 FAT. 

ONE-HALF KG OF THIS PRODUCT WAS FORWARDED TO THE CONTRACTING OFFICER. 
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CONCLUSION AND RECOMMENDATIONS 

FROH THC OATA DEVELOPED OURINQ THC COURSE or THIS STUOY IT DOCS APPCAA FEASIBLE 

TO PROVIDE A DRY WHOLE MILK SUBSTITUTE FOR RATION USE. 

THE FORMULATION AND PROCESS DEVELOPED VK..DS A PRODUCT WHICH RECONSTITUTE» 
SATISFACTORILY AND DOES NOT EXHIBIT THE CHALKY FLAVOR PREVIOUSLY ENCOUNTERED 
IN PRODUCTS OF THIS TYPE. 

PRODUCT PRODUCED BY A COMMERCIALLY FEASIBLE PROCESS DOES MEET THE GENERAL 
REQUIREMENTS ESTABLISHED IN THC OBJECTIVES OF THIS STUOY. 

IT WOULO APPEAR THAT ADDITIONAL PRODUCT REFINEMENT MAY BE OCSIRABLE TO: 

1. ELIMINATE THE FOAMING CHARACTERISTIC OF THE RECONSTITUTED PRODUCT. 

2. UPGRADE FLAVOR THROUGH FURTHER STUDY OF FLAVOR ADJUNCTS AND POTENTIATORS, 

3. REDUCE THE CAKING UNDENCY OF STORED PROOUCT. 
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